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5 The esent I nvention relates to particul ate substances t hat
conpri se ot El¥articles for delivery of bionolecul eBCHAY2 L0104
nmet hods for making them More particularly, the invention relates to
particul ate substances that conprise particles of a ceramc matrix
bearing a functional group that have 10r el easabl e bi onol ecul es

di sposed within pores of the particles. BACKGROUND OF THE | NVENTI C]\l

Use of siRNA and
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i's however a need to protect siRNA fromenzymatic degradation in vivo
until delivery tRIELDEOBTHE IDVEATIONN in order to provide effective

t her apy. 205 At present, siRNA therapy is expensive. The major
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an encapsulant in t asm mal esca
10 releasable blomoiecutes d:sposed within pores o?the particles.

BACKGROUND OF THE INVENTION

Use of siRNA and gene therapy represents a potential major advance
15 in healthcare. It shows the potential to treat a range of currently non-curable
diseases such as cystic fibrosis, some cancers, and immune disease such
as Type 1 diabetes, multiple sclerosis etc. There is however a need to
protect siRNA from enzymatic degradation in vivo until delivery to the site of
action in order to provide effective therapy.

20
At present, siRNA therapy is expensive. The major marke—ts for such
expensive therapies are primarily in the more developed countries. The
global market for gene therapy is estimated to be >US$5B.
25 Maijor challenges in developing siRNA therapy to clinical use include:
« protection of the active material from enzymatic degradation;
- enabling the active material to enter the target cells (good
penetration);
« release of the active material from an encapsulant in the cytoplasm
30 (endosonﬁal escape),

« ensuring the ability to knock down genes (preferably with efficacy at
nM concentration); and
« achievement of low toxicity (large therapeutic window).



ensuring the ability to knock down genes (preferably with efficacy at
nM concentration); and achievenent of low toxicity (large

t herapeutic wi ndow). W0O2012/021922PCT/ AU2011/001040 2 si RNAs are
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hydrophilic, strongly negatively charged nnlecules. They are both
chemcally and biologically labile unless nodified to enhance
stability. In order to 5achieve a clinica effect, siRNAs nust be
able to cross the cellular nenbrane and be present in the cytoplasm
of the target cell popul ation. In the past, viral vectors have
been explored in order to deliver RNA or DNA. However these suffer
fromthe risk ofsikRNAwBm mﬂirméhiat@axéd @bsutatiDar anm tianuétér, i1 Gointlengdhlout
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interacti on Vec ex osing the siR

to degradati on iandvievpresémt mﬂﬂich)msilasrmbéth,etmetmlksp@}d ies have been
devi sed for adsorbing DNA or RNA onto the surface of nanoparticl es.
However these generally suffer fromthe di sadvantage that the

adsor bed bi onol ecul e I thegalsi, vical vedosrhayawepe explerad I0 gaede delyesBNARSr y
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siRNA and the vector and exposing the si to degrada ion in vivo. In

15 particular, varicus systems have been devised for adsorbing DNA or RNA
onto the surface of nanoparticles. However these generally suffer from the
disadvantage that the adsorbed biomolecule is subject to enzymatic attack
prior to delivery to the site of action, thereby reducing the effectiveness of
treatment.

20

While the above discussion relates primarily to siRNA and DNA, the

problems discussed are not limited to siRNA and DNA. They potentially
apply to a wide range of biomolecules, including for example peptides,
proteins and so on, for which intracellular delivery is desired. Thus a solution

25 to these problems may be more widely applicable. The application of the

invention should not therefore be considered limited to siRNA.

Advantageously, the present invention substantially overcomes or at
least ameliorates one or more of the above disadvantages and at least
30 partially satisfies the above need.



Advant ageously, the present invention substantially overcones or at
| east aneliorates one or nore of the above di sadvantages and at | east

sopar 131\ A, 1 above need, VRO GRL22P Y 4040

i nvention there is provided a particul ate substance conpri sing:
Sparticles of a ceramc matrix bearing a functional group, the
functional group being capabl e of pronoti®g penetration of the
particles into ceIIs and a bi onol ecul e di sposed within pores of the
particles, the ﬂ@véﬁ able fromthe particles by

di ssol ution of t e ceran1c mat ri x. used herein, reference to the
bi onol ecul e bei ng "di sposed wi thin pores of the particles" is

i ntended to include ‘“&Pﬂdﬂ}doﬁé &QOPEd&Hb&dtHﬁeﬂ%nWrtﬁerbh% pRIVIEICa

matri x, which effective s so porous particles, has
bi omol ecul es di sm@é@tetsnbsiamﬁammmsm sposed in the pores of the

ceramc matgix. This gaﬁt edld%tofb'&b%%%aftf& Bé&?hg@%ﬁﬂnbﬁﬁbt&@sm\aﬂ@ﬁmome

bi onol ecul e |s 15att bound to the ou surface

f
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ceramic matrix. 9eing reigasabledram thespartides by dispibtionof the CaIamNG Bt ¢ he
bhonnlecule bei ng "substantially non-rel easabl e by | eaching in the
absence of dissolution” is intended to | cI ude in.it,
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Preferably, the ‘f"ﬂl‘?f@ttl%?%ﬁim&rrﬂﬁ%‘x "gh'%? 5‘?‘?‘%‘5@% nﬁ%%&'gnrgégg?mcies has
t hroughout the pgibinoRicakes d}hpewedlth@uglmotﬁrmedspbmﬂ m&fmi p@rfestohéle ceramic
invention the cer a{nx TF{% i$ hat intended to include situations where the biomolecule is

15 attached or bound to the outer surface of the particles.

Generally, other than possibly under relatively extreme conditions, the
biomolecule is substantially non-releasable from the particles by [eaching in
the absence of dissolution of the ceramic matrix. In that regard, as used

20 herein, reference to the biomolecule being “substantially non-releasable by
leaching in the absence of dissolution” is intended to include within its scope
leaching under the proposed conditions of storage and use of the particulate
substance. Preferably, the functional group interacts with the biomolecule fo
substantially prevent leaching.

25
Preferably, the functional group is distributed homogeneously
throughout the particles.
According to one embodiment of the invention the ceramic matrix
30 bearing a functional group comprises a functionalised silica matrix. However,

a range of metal oxides including mixed metal oxides may be suitable, for
example titania, alumina, zirconia, iron oxide, ceria, zinc oxide, and so on.
The functional group may alsc be provided either by an organotitatnia or



30 bearing a functional group conprises a functionalised silica
matrix. However, a range of netal oxides including mXxed netal oxides
may be suitable, for exanple titania, alumna, zirconia, iron oxide,
ceria, zi WO¥M922and so on. The functional group nByP%Fé%mb%W““U
provi ded either by an organotitatnia or WD

2012/ 021922PCT/ AU2011/ 001040 4 organo-al um na, or by an organo-silane
that will co-condense with another netal 4recursor formng an organo
titania silica or organo-alumno-silica. Further enbodiments will be

appreciated fromthe di scussipn | at
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ani noal kyl am no gegarptioraofithé partiglealwhydrefollow group, a 10 s. econdary
al kyl am no group and tertiary alkylam no group, an alkylim dazole
group, an arkylam de group or an alkylam no acid group. Further
embodi ment s w:c |1 be dppfeditiataidréumpoh theeerimic madixonsy ﬁ@FBE'SWStQIOUP
preparation of t SEEHIs ] hiple,
relates to a partF$ {\\}ewsﬁ%n} %nfggg IMH@JM%F{’)@D ecla g&%l*% this
context, the terthis' mayundLIéeah amintagrotpf Eﬂra RIE Qi"eéil%%ti%*fﬁ%“td?e g_mctlonal
bi ol ogi cal ori g'é}?gﬂ sco%)hge% ai'nﬂ%hl“@é{lkﬂgmmocﬁreﬁb CPhrirAgy lalylaynind BRoupea M

i ncl udes within stance conpri sing _one or
nol ecul es i1Acl uoﬁmgn@amakviaﬁmmrouprfanéﬁmw AtsY 8RR OURr A8 agﬁYWF’é‘PJEI e

may be a 20 nmc | equ
lto about 1000“@8{}9 &h 'aﬁ‘tytaHld%nyuroDﬁV?ro aaaﬂg?d%% W@lugbto { edendr

lto 10, 5 to 100@nbme@tsmmﬁ appseciatgd figaghe 3@6“%569“&%%““93 PE?PTE?S“’%

to 50, 5 to 20 of fQph@ciRQk/Mibn Big. about 1, 2, 3, 4, 5 6, 7, 8, 9,
10, 11, 12, 13, 14, ES 16, 17, 18,‘ 19, 20, 30, 40, 50, 60, 70, 80,

90, 100, 200,

15 The present invention relates to a particulate substance comprising a
biomolecule. In this context, the term “biomolecule” may refer to a substance
of a biological origin or nature and having biological activity. The term
includes within its scope a substance comprising one or more molecules
including a mixture of different molecules. The biomolecule may be a

20 macromolecute. It may have a molecular weight of about 1 to about 1000kDa

or more, or about 1 to about 100, 1 to 50, 1 to 20, 1 to 10, 5 to 1000, 10 to
1000, 100 to 1000, 500 to 1000, 5 to 100, 5 to 50, 5 to 20 or 10 to 20kDa,
e.g.about1,2,3,4,56,7,8,9,10, 11,12, 13,14, 15,16, 17, 18, 19, 20,
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or
25 1000kDa. In some instances it may have molecular weight of less than 1kDa
or greater than 1000kDa. It may have a diameter of about 0.5-20 nm, or
about 1 to 20, 210 20, 5t0 20, 1010 20,0.51010,0.5t05,0.5t02,0.5to 1,
110 10, 210 10, 110 5, 5to 10 or 10 to 20nm, e.g. about0.5,1,2,3,4,5,6,
7.8, 9, 10, 15 or 20nm.
30
The biomolecule may be selected depending on the particular
application in question. In order to achieve retention of the biomolecule in
and/or on the particles, it may be negatively charged. This may enable the



300, 400, 500, 600, 700, 800, 900 or 251000kDa. In sone instances it
may have nol ecul ar wei ght of |ess than 1kDa or greater than 1000kDa.
It may have a di aneter of about 0.5-20 nm or about 1 to 20, 2 to 20,
5 to 20, WPEWHP20. 5 to 10, 0.5 to 5, 0.5 to 2, 0.5 PEUAUZRINGON, 2
to 10,1 to 5 So 10 or 10 to 20nm e.g. about 0.5, 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15 or 20nm 30 The bionol ecul e nay be sel ect ed depending
on the particular application in question? In order to achieve
retention of the bionolecule in and/or on the particles it nay be

negati vel h d. Thi bl h
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10l n certain e I'ment's bro be nucl el ¢ aci d such
the pores of the particles.

10 In certain embodiments the biomolecule may be nucleic acid such as
an RNA, for example an siRNA (small interfering RNA), miRNA (microRNA)
or a ribozyme, an ASODN (antisense nucleotide or antisense RNA), a DNA
molecule, an aptamer, a protein inclusive of polypeptides, peptides,
glycoproteins, lipoproteins, immunoglobulins (e.g antibodies and antibody

15 fragments), a carbohydrate, a lipid or a mixture or adduct of any two or more
of these. In one particular embodiment the biomolecule is an siRNA. The
biomolecule may be indicated for prophylactic or therapeutic treatment of a
disease, disorder or condition.

20 it will be advantageous in some embodiments to bind a surface
treating agent to the surface of the particles. In a preferred embodiment,
polyethylene glycol (PEG) chains are coupled to the surface of the particles.
Alternatively or additionally, a targeting group may be coupled to the surface
of the particles to facilitate targeting of thé particles to a target, forexample a

25 tumour or particular organ or other target, in use. In certain embodiments,
PEG chains having targeting groups at their distal ends may be coupled to
the particles.

In certain embodiments, it may be preferred that the particles of the

30 particulate substance have a mean particle size of about 0.1 to about 1
micron. However, they may have a mean particle size of about 0.1 to 10
microns, or about0.1t0 5,0.1t02,0.1t01,0.1100.5,0.2t0 10, 0.5t0 10, 1

to 10, 210 10,510 10,0.2t02,0210 1, 0210 05, 05t0 2 or 0.5 to 1



an RNA, for exanple an siRNA (small interfering RNA), m RNA
(mcroRNA) or a ribozynme, an ASCDN (anti sense nucl eotide or antisense
RNA), a nol ecul e an aptaner, a protein inclusive o tides,
pepti des, f)’&%{%&?tzei ns, |ipoproteins, imunoglobuli nsg%ﬂgby‘ﬁﬁ%lbﬂ
anti bodi es and anti body 15 fragnents), a carbohydrate, a lipid or a
m xture or adduct of any two or nore of these. In one particular
enmbodi ment the bionolecule is an si RNA. The bi onol ecul e may be

i ndi cated for prophylactic or therapeutic treatnent of a disease,

di sorder or CONdpitdie Hubyuthh 0930200 80681671 0550/88 1 BORI Y, S
to bind a surface tréating agent to the surface of the particles. In
a preferred embodbnbrit.5, HE yed.HBoeHbmigrgnsol (PEG chains are coupl ed
to the surface of the particles. Alternatively or additionally, a
targeting group nmay be coupled to the surface of the particles to.
facilitate targeting losompempagimentsdt rpay be rrafeged thatdhe meapppricly sizss
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preferred that the spasdiad @e pbokme 30 particulate substance have a
mean particle size of about 0.1 to about 1 micron. However, they nay
have a nean particle size of about 0.1 to 10 microns, or about 0.1 to
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50nm or about 50 to 100nm e.g. about 20, 30, 40, 50, 60, 70, 80 or
90nm It is noted that particles above about 1-2 mcrons in size my
be 10 unsuist abl e forTHenparticies maydre sidistantialy. mpoogisrarsed er fhere may be
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el sewhere in the"Ho y regar par es up to sever

mcrons may be icuree.nBhé skdibyiant Gusve amayybeyospakiGaysses Phagpe i c
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may be some aggregation to forma secCond peak in the particle size

di stribution curmediuTher eareaw pastiele sirecliftiutiony TRPaEFIRRMaY BERREPETR or
some other & St bt QimaibhFsphfial cdranayBYoVaRYG ol S@tibrivard: bolyRedrik e
di stribution or a mediumor narrow particle size di strhbutl n. Th
particles may be(hg;ng,q.g;&tpaboutﬁ()smes) or may be some other shape. They may be

irregular in shape.

The particles may be mesoporous (i.e. <100nm pore size). They may

25 be microporous (i.e. <1.7nm pore size). Preferably, the particies have a
mean pore size of about 1 to about 50nm. For example, the mean pore size

may be about 1 to 20, 1 to 10, 5 to 50, 10 to 50, 20 to 50, 5 to 20,5to 10 0or

10 to 20nm, e.g. about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50nm.

30 The pore structure may comprise interconnected pores, or may
comprise voids joined by relatively small interconnecting channels. The pore
size may be sufficiently small so as to substantially prevent release of the
biomolecule by diffusion from the pores. Alternatively, if the pore size is such



20 or approximately spherical, or may be ovoid or oblate spherical or
pol yhedral (having e.g. 8 to about 60 sides) or may be sone ot her
shape. Thegy, ﬂﬁnggnlrregular in shape. The particles By RE2011/001040
Mesopor ous (| . <100nm pore size). They may 25 be m croporous (i.e.
<l.7nm pore S|ze) Preferably, the particles have a nean pore size of
about 1 to about 50nm For exanple, the nean pore size may be about 1
to 20,1 to 10, 5 to 50, 10 to 50, 20 to 50, 5 to 20, 5 to 10 or 10 to
20nm e.g. about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40,45 or
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conprise voids jolne tivel i nterconnect i channels
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Alternatively, if ¥ he pore size is such 7 that the bionol ecul e can
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20% al though i mz,aaem,as,eisent? m&,wghﬁzbasaltﬁxﬂlghamsdﬁ(eoasesaymbebe less
greater th i | ecul e i s advant ageously

20% | n use he b
rel easabl quy ditbg%pl"ﬁerorﬁaggelghe@ttggtp?é 2?2’3 under conditions which do
not substantially degrade the bionol ecule. For exanple, it nay be
rel easabl e by dissol t| on o A (Jj Boif AR okiogl GRLoIIESH 4m
whi ch does not subst P?ealt b'é& egg %\Fagtaé Olft')ec f Qt}’? ka
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conpletely 20 rel éasable) ove to abou
hours. For 1éxanphe,a diioagical. mctwraowh@hmp@s 1mpt eubstanfially dewadey the 1

50, 5 to 50,
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40, 45 or 50 hourreiease lighid. rate of di ssol ution may be dependent on t he
size of the particles, this rate may be adjusted by adjusting

Generally, the biomolecule is releasable (e.g. substantially completely

20 releasable) over a period of about 0.5 to about 50 hours. For example,
' about 0.5 10 20, 0.5t0 10, 0.5t0 5, 0.5t0 2, 110 50, 5tc 50, 1010 50, 1 to

20, 1to 10, 2to 10 or 5 to 10 hours, e.g. about 0.5, 1, 2,3, 4,5,6,7, 8,9,

10, 15, 20, 25, 30, 35, 40, 45 or 50 hours. As the rate of dissolution may be
dependent on the size of the particies, this rate may be adjusted by adjusting

25 the size of the particles as discussed in the following description.

Most advantageously, the biomolecule is protected from degradation

prior to its release from the particles when the particles are exposed to a

degradation agent, e.g. an enzyme, which would otherwise be capable of

30 degrading the biomolecule. That is, the biomolecule is protected from
degradation by the ceramic matrix.



25the size of the particles as discussed in the follow ng
descri ption. Most advant ageously, the bionolecule is protected
fromdegradation prior to its release fromthe particles when the
particl esVI W1¥2p3ed to a degradation agent, e.g. an RpEHBROIIYRGEN
woul d otherw se be capable of 30degrading the bionolecule. That is,
the bionolecule is protected fromdegradation by the ceramc matri x.
W02012/ 021922PCT/ AU2011/ 001040 8 Igh sone enbodinments, it is
envi saged that a pol yner or conpl exi ng agent nay be di sposed in the
pores of the particles with the bioml ecule to kanci litate endos]orral
plexing

escape. Typical |y t hd BeIngBtoodimenis. s gniisegrs et 7 RAMNGL O &om

pol ylysine, or adat mk%iddéﬁaee@rn tAB pofshs tirngaitibaivith fieblbmioecale to
prot on sponge effect.

Yo ormation of mcrg-particles 100
In sone enbodi néAgitaty t epdgpoma! aﬁ%ﬁ‘?aggb‘ﬁgalﬁ'o%%r rﬁ’\%ﬁﬁ}e{?rﬁ’a@ qF 2
10the micro scalglyeliighaintne, f0polyRsinpuspasslgistidiiesodang supstanes that
particles of greater than 100nmin n particle size.
According t8 ancﬂrﬁﬂﬁe%gﬁé@?nB'FOQQ?eeffér?fgention there is provi-ded a

process for making particles conprising a bionolecule dispersed in
por es 15t her eof, sai% rocess. conprising:; a) conbi ni ng:

a hydrophobi c phase ! IGTORRAH SHogn tquid, a first ceramc
precursor and a surfactant; and

In some embodiments, it may be advantageous to form particies on
10 the micro scale. That is, for the purpose of this description, particles of
greater than 100nm in mean particle size.

According to another aspect of the invention there is provided a
process for making particles comprising a biomolecule dispersed in pores
15 thereof, said process comprising:
a) combining:
a hydrophobic phase comprising a hydrophabic liquid, a first ceramic
precursor and a surfactant; and
a hydrophilic phase comprising a hydrophilic liquid, a second ceramic
20 precursor and the biomolecule,
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase; and
b) agitating the emulsion as the particles form inside the droplets;
wherein the first ceramic precursor comprises a functional group
25 which is capable of promoting penetration of the particles into cells.

As used herein the term “agitating” includes within its scope any form
of agitation, including but not necessarily limited to stirring, shaking, swirling,
sonicating, shearing and so on, and any combination of these.

30

In making the particles, an emulsion is formed by combining a

hydrophobic phase with a hydrophilic phase. This may be a water-in-oil (w/o)



a hydrophilic phase conprising a hydrophilic liquid, a second ceramc

20prepu_rsordand| t he bi onol ecul e, so as to forman emul sion
conprising droplets of the hydrophilic phase dispersed in the
hydr ophob W9 Phu&a922and b) agitating the enul si ofCHAU{ET1040

particles forminside the droplets; wherein the first ceramc
precursor conprises a functional group 25which is capable of
pronoting penetration of the particles imo cells. As used
herein the term"agitating” includes within its scope any form of

agi tation, includi ng but not nec m t ed L9

shaki ng, swirl i rRgnuigigh;ipxhichdh egyéaﬁ?%y%eg%orgﬁen 3%@ anm‘%us phase
conbi nation of theRe hydtop M@@—%Ek&i}é@é}ﬂ?ﬂi’éf@sﬂdﬁhﬁﬁrl&tﬁml@us phase.
enul sion, in which the hydrophoblc phase represents the continuous
phase and t he hydrophilic phase represents the dispersed or

di sconti nuous phase. Thaa ydﬁhaphcﬁnaeephm,ebe aa\olduphilic phiasephia neppiigse

or a lipophilic 5 dr.ophob

conbi ni ng t Re s&"?&gltlgrl‘ﬁ hWr‘E’ﬁq %&r%éﬁ%m l{@F‘é/d angg(i%dl nr&ac%ahnet

];r:a ; SE) ecrenr51 gm (l::) pr@%mﬂﬂdﬁd@hﬁﬁlcﬂlquﬁmﬂd\ adnimgmdrf o5 Ivetsinaic preesiesor 6P astto
e by conbi t hr 0

conbi ni ng the filPgp 1 B F‘gpﬁ"@ '8c°u§§%rg;\'/)m??ﬁ eérde!t hg%bhg %g?}&

liquid or the sutdngsinents, antlrnahbenmﬁmbmgommirmthefrst qqyamrp@g@rgqr@p}

f bl d
2120 SR Bk BTN ety st e

c ? mponent s 1¥]}h IkC th’ﬁmest@;mareqmrleratéyj corphistespricate ggmﬁwgctaﬁﬂ}ypgqghoblc
stirring, shakin i
my be suffici L ﬁﬁré#uﬂg a%%ﬁeggéﬂ BSmBHird sg@dggiagﬁog?ﬂlsgﬁggﬂl@@melt

hydr ophobi ¢ phaseorigrepts wleéisbﬂ\te QBQ@IWW%fT%ég'@PEt M@y rGRmRrise
precursor and t hg, s TRGkAG! sviflink NSorfideing R @oédimbihtiundof these. It may be

sufficient for the components to form a solution. Thus the hydrophobic phase
15 may represent a solution of the first ceramic precursor and the surfactantin
the hydrophobic liquid.

The hydrophobic phase comprises 3 components:

20 Hydrophobic liquid — this may be, for example, a vegetable oil, paraffin
oil, mineral oil or some other suitable hydrophobic liquid. It may comprise a
mixture of hydrophobic components, e.g. a mixture of vegetable oils or a
mixture of vegetable oil and paraffin oil. It is commonly of moderate viscosity,
e.g. about 0.5 to about 1500mPa.s, or about 0.5 to 1000, 0.5 to 500. 0.5 to

25 250, 0.5 to 100, 0.5 to 50, 0.51020,0.5t0 10,0510 5,05t 1,110 1500,
10 to 1500, 100 to 1500, 250 to 1500, 500 to 1500, 1000 to 1500, 10 to
1000, 10 to 200, 200 to 1000 or 200 to 500mPa.s, e.g. about 0.5, 1, 2,3,4,
5,8,7,8.9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,

30 1400 or 1500mPa.s, or, on some occasions, greater than 1500mPa.s. The
viscosity of the hydrophobic liquid may be used in order to control the particle
size of the particles produced by the process. Thus a more viscous



The hydrophobi ¢ phase conprises 3 conponents: 20Hydrophobic liquid -
this may be, for exanple, a vegetable oil, paraffin oil, mneral oi
or sone other suitable hydrophobic liquid. It nay conprise a m xture
of hydr opNubPUE2BEMIFonent s, e.g. a m xture of veget abl ePEI/RE2H}HOHO40
m xture of vegetable oil and paraffin oil. It is comonly of noderate
viscosity, e.g. about 0.5 to about 1500nPa.s, or about 0.5 to 1000,
0.5 to 500. 0.5 to 25 250, 0.5 to 100, Oib to 50, 0.5 to 20, 0.5 to
10, 0.5to 5 0.5to 1, 1 to 1500, 10 to 15001 100 to 1500, 250 to
1500, 500 to 1500, 1000 to 1500, 10 to 1080 10 to 200ﬂiy 20% 0 %800
or 200 to 500mPaMgrophabic igyidwill gemerally providea njpre ¥iScUs Rydr ,"é',"" €
15, 20, 25, 30, gAich4Purdt®ill ferdh) proie 86mafépatfle sit€0, 200, 250,
300, 350, 400! 450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,

30 1400 or 1500nPa.s, or, on some occasions, greater than 1500nPa. s.
The viscosity of the dyfhiceriolhis ndydel aeuitaplearfastadt fonsumpdeingteowater-

control the partjcle size th rticles produc

Thus a nore i scBR! ew’ﬂe&g; @?lgﬁggéfFA%ﬁﬂ?%iﬁig' t% hh@?P@%@%E@d

liquid wil : | genen aid'ylybaw ﬂuﬁm-ﬁx;ticasmmlnlt/bsimms bpmrammcbqu@:m eritwiiych

inturn w enera rovi de r r i =

this may be ags uPs 2 ﬁ%‘?PPasé‘{fgﬁ?ﬁggtrngng%r ‘i[":' ﬁkgga§v%§ Lét%l{? @ﬁnltuﬁ'? (é)i '

Ie_rml _sidon. | t rra%atinmtmbu_hl, €016 or 810 $@,i by .cabaivt B, 9.t We 1yt IZhdbi 1d o
iquid. It ma 0N-1.0nl I. (o]

su?f act ant oryi t?@%ﬁgﬁ!egu?aﬁﬁﬁtgljrlgci\%cl}egé};saaﬁ% gféﬁ?ﬁn Rﬁn%&y%ﬁé@ﬁoiﬂj

of about 8 400 abOit (ddtiumor bia{iethylBexyt) BRlfoslBcinatels Span® £28/Tween® F0

about 8, 9, 10, 11, 12; 13 el f

i ncl ude Span(r) Wl(rggr I t%%a]rﬁ%%éll%arﬁ gt% ST ',@%gr'g'z&liﬁe&@,{e @%E%rr&(ﬁgcotginlﬁm

bi s( 2- et hyl hexy! $orsmiohlys prowideata veryShiam @nuision Tiwtether finaarisle (Fiaes s

and Span(r) 20/ Bééﬁéré'\l} S’rﬁ Qhaddires. Use of the m xed surfactants
comonl y provides a veyry fh emul sion, but the final particle size

is generally unchanged. 15First ceram c precursor - This conponent
i ncl udes a fgunctional g Q&Bnﬁ@ﬂ%&bl@op—ﬁﬁé@Bﬁbbﬁ&tnﬁﬂﬁeﬁaﬁuﬁdﬁoﬁéi e

resulting particles into cells. In certain enbodipnents, the
functional groupcaabieef pronetingepenat@tipn &f dpe psylting: apligiee igp cells. In

chem cal Iy i nt er agtdin@mtiokitnerit® th& NaEhbeal @t 6faRE @ikst ealaic precursor is
interacting with, the bi I I 20 [

I onpl ecul e., . .This co orllent cga g’ge ﬁor
exanpl e ani nof unéanasial of AheicalY | iptaraeting: With. S0 RPTRIS, Y6 \"Cé ically
groups or groupsisdiattirnp¥iti)end sinaRiRdigDosi tivel y charged may be used.
It may be a conpound having at | east one am ne group per nol ebul e and
bei ng capabma of being converted into an 25 am nofunctional ceramc
matrix. It may be sol Tk eompohdre nyydbe funeRaraplel apind{unotioniah Adtemativelye

(optionally a SOlot teir %ggiti\?gly E:rpaerggél rg}c'o%%g%?tgrgd?)sttngt rﬂé’f’ b8 pmiré:d bbﬁﬁUe@
charged may be used. It may be a compound having at least one amine
group per molecule and being capable of being converted into an

25 aminofunctional ceramic matrix. It may be soluble in the hydrophobic liquid,
or in a mixture {optionally a solution) of the surfactant in the hydrophobic
liquid.

Suitable ceramic precursors include aminofunctional silanes, in

30 particutar aminofunctional alkoxysilanes. The alkoxy groups of these silanes
may be for example C1 to C6 alkoxy groups (which may be branched if C3 or
greater), commonly C1 to C4 alkoxy, e.g. methoxy, ethoxy, propoxy,
isopropoxy or butoxy groups. In some cases other hydrolysable groups may



Sui tabl e ceram c precursors include am nofunctional silanes, in 30
particul ar am nofunctional al koxysilanes. The al koxy groups of these
sil anes My, R§.ARQGmexample Cl1 to C6 al koxy groups (whi ghr/RBY1D81040
branched if C3 or greater), comonly O to C4 al koxy, e.g. methoxy,
et hoxy, propoxy, isopropoxy or butoxy groups. In sone cases other
hydr ol ysabl e groups may W02012/021922PCT/ AU2011/ 001040 11 be used,
e.g. acetoxy, ketoxino, enoloxy etc. The 1dmi nof uncti onal ceranic
precursor may have nore than one am ne group per nolecule, e.g. 2, 3,

4 or 5 amne gr %@&&?ég@é&&ﬂ), Retoxitfd, eRYIBRY BlcSTR@MRIdoPutotdldkramic
Fam c p

di am no- and triam no-c recursors comonly pr O?Iucrﬂ Ear%iil es
which are more MBeeUrFeidPaYRAVRIMMPARATRNSANING BIUPRHES YRR EF- €ndid T he

correspondi Ng MNQRAAL oGS Fe rolBERE UTHeinGentbdatavafonl Bandipmiray and
i ndependently, be primary, secondary or t@@l‘tl a

> pr ‘M/ Ini r ef |rF.ed

precursors, the EHAMTO-GIBNSPIEFESAERATUTEYY B° CEWQ“@%H o aé%%ﬁl y
RO RO o e e DO b, chal e Tho s

- -), or butylene (- H2- ) _chai.ns.
i nventors consi d@P"?%*Potcﬁ@ﬂ"HﬁPSﬁCH@r%%(aW %8“%5\%’“ ‘Eﬁpgeﬁd?nwsg?ul
be?:ausel t hi Sdgr Féﬂ?né’rgpéércﬁndié?y ORfertiany. iy peterted pragurpars)ythgamene groups are
pol ynucl eoti de |'igands, such as putrescine (N 4- S 1. di ne
_( N-3- NJ- 4- N) ancﬁeg’ﬁéﬁ‘tﬁﬁ’ ﬁ?é’ F’Nﬁ%-&l‘?ﬂg%?W?’gly/aé]ogqjglkxlgﬁ%i@nhgﬂ}’orsl‘écm as
s et b e o ot out s e e
potenti al | )7 toxi%ﬁzélﬂzﬁ%zétﬁ%f"% ?hggﬁﬁ%bgoﬁgggéé‘%&g%{d@rg Ht%? gro.up
et hyl ene spacer smay beipaeticalaty sisefut pedzeiseditn giadup eosHisdn GabURY QasHENDs
acceptably close to th QS r j IBNAe K
in commercially %%?’1“3%|P§R’§ﬁ§8uc‘{e§ﬁga?‘r§€i %Eﬁtdﬁiibslﬁgpace?nguﬁasglégﬁg igl%
use when the bi offoBAEN and spernsndBR3-N-Hd%-3d\)i Valigus gembtinations volving

20i ncl ude3- (2- am |am (| i

i noct hyl arm no) EU TIPS TSRUES ey dad s VENAHE noAeder trétds that are too
ani noet hy! d8i no) giffefet torthe blegryisicoafigisatimomay be potentially toxic. In particular,
am noet hyl am no) gtk ] : | i iR it d b Staveonh thany
two or nore ther@%ME%g‘?&ﬁ%g{ua%iWﬁggﬁﬁéféEgﬁhsed‘ s the fiGr. Q
ceram c 25 precamiergroyrs thakis aceampbly ¢iose e Hiasparsiop @r}argg%&%% fe

functional al koxysi 'if"b‘?é‘sen?ﬁ"d REMyhdrEialiy RGAIIBRADraiusRX YSaHiRN &sls spacer
mer capt of unctional al k

. oxysilanes (e.g. nercaptqpr I ,
trial koxysi | anesyuitaglgfpoifewhssghe g@@qﬁc%;ﬁﬂgﬁ%éﬁys&pﬂqqlﬁpﬁgu&om
grafted to g koxysiganes 3gbamitbethyamodiropfy t Wimsthoxpiianedf t BdR€2-

or of any other suitable first ceramc Tecurs IS may.al so be
30used. aminoethylamino)ethylamino]propy riméthoxysilane, 3-(2-
aminoethylamino)propyl triethoxysilane or 3-[2-(2-

aminoethylamino)ethylamino]propyl triethoxysilane and mixtures of any two

or more thereof. Other compounds that may be used as the first ceramic
25 precursor include ureapropyl trialkoxysilane, isocyanate functional

alkoxysilanes, carboxylic functional alkoxysilanes, mercaptofunctional

alkoxysilanes (e.g. mercaptopropyl trialkoxysilanes), cationic peptides or

carbohydrates or lipids grafted to alkoxysilanes etc. Mixtures of any two or

more of these, or of any other suitable first ceramic precursors, may also be
30 used.

In some cases the first ceramic precursor may be a mixture. It may be
a mixture of silane ceramic precursors. It may additionally comprise one or



WO 2012/ 021922PCT/ AU2011/ 001030 12 nore non-silane ceram c
precursors, for exanple a zirconia precursor, an alum na precursor,
or a titania precursor. These may be for exanple zirconium al koxi des,
al uni ni um¥Q WAXP°AER and titani um al koxi des respect i vel JET/EU2011/001040
Commonly the ratio of surfactant to hydrophobic liquid is about 5 to
about 25% w v (i.e. about 5 to about 25 g surfactant to 100mnil

hydr ophobic liquid) or about 5 to 20, 5 t1@ 15, 10 to 25, 15 to 25 or
10 to 20% e.g. about 5, 10, 15, 20 or 25% 10 Commonly t he

ratio of the first cera precursor to hydr ohic [.iquid. i o]
10 to about 1000MBEAYHS “9/%‘?’%53'&%30“6?”36(810 aIBFlﬂF@ %E?gﬁ’al%‘g'?%g%ogﬁ
10 to 100, 10 t 0a&@inalPrecQrsbPOr aSahia ﬁr@@ﬂ}soﬂﬁmdse haghe 2@0example

1000, 500 to 100Q, 20 to 50 500, 5 20 2 5 0
Lo 200ppm . g. HisaB 3BOMes. uiminag ABokded ghd > Jhridno kilfed
200, 250, 300, 3JeEpectBly. 450, 500, 600 700 800, 900 or 1000ppm

The hydrophilic phase may be a |ipophobic phase. It may be an aqueous
phase. The ﬁydrophlllc phase conprises three conponents: 20

Hydrophilic liquid - Gdmmoniyhemtibighsptiadsant.to hydiophekimliawit ys alpis &us,

for exanple it
sol uti OT It na% 225%@1\&% q%ea%glusjg(&) %Hsal%%gggggoo q{ﬁ%oblc
precursor - thl anmn;)obebwtxﬁaoéa @mtﬂanat@za néa@aSOprtq?&%@rmaboutS

nmet asilicate. j,cate itself (e.g. by hydrolysis of a
tetraal kylsilica 16Ta|§02§°§bé et ramet hyl orthosilicate or

tetraethyl dlthosilicate), or nay be a species with formul a

RSKOR' ), OH/ Si z where Ghbr%ﬁéﬂgﬂ%l%ﬁswtﬁgf Fs?cé?’ﬁﬁ'lﬁ!;ﬁ'eé}ﬁs&'?o Wdﬁdﬂiﬁibldllﬁ@:ﬁe

generated for exanple SIS O al kyI tr| aI KoXysi
e.g. methyltrineisaorysid @W@Obﬂ HyAM f ﬁﬂf\’mﬁﬂﬁsﬂ gQ@:éoé%g@U;of

an al kyl silicateqq foh@oahdﬂesw@@wmam @bdtem@licfmaoezmbw 08| 5000
sufficiently hydr hilic that second_ceram c ec\lj%(ﬁ{)q%@sp wat er

soluble. It will? Gﬁd@r@poéa t? ﬁQP ?H1e 202000 BN fY-e
with small 8 WOROAZ/1923823CE0A6R 0401 /800804100, 150, 200, 250, 300, 350, 400,

450, 500, 600, 700, 800, 900 or 1000ppm.

The hydrophilic phase may be a lipophobic phase. It may be an
aqueous phase. The hydrophilic phase comprises three components:

20
Hydrophilic liquid - this may be lipophobic. It is commonly aqueous,
for example it may be water, including pure water, or an aqueous solution. It
may also comprise dissolved salts.
25 Second ceramic precursor — this may be a water soluble silicate,

particularly metasilicate. It may be silicate itself (e.g. by hydrolysis of a
tetraalkyisilicate such as tetramethylorthosilicate or tetraethylorthosilicate}, or
may be a species with formula RSi(OR')OH,Si; where x+y+z=3 (referred to
herein as an alkylsilicate, generated for example by hydrolysis of an
30 alkyltrialkoxysilane, e.g. methyltrimethoxysilane or ethyltrimethoxysilane). In
the case of an alkylsilicate, the alkyl group R should be sufficiently small or
sufficiently hydrophilic that the second ceramic precursor is water soluble. It
will be understood that this may be achieved for example with small R



13 groups such as nethyl or ethyl, or with larger R groups having
hydrophilic or polar substituents such as hydroxyl, nitro, sul phate,

etc. The %\ﬁfﬂﬂgﬂﬁ 2an‘ic precursor may be, for exanpl e’P%%&{?QJ/@O?&ID 5
Wat ergl ass 1S an oOl'i gomeric or polyneric silicate material having

enpirical fornmula about Na2Si G3, with varying degrees of hydration,
commonly i n aqueous solution. The waterglass nmay have a solids

content of about 1 to about 20% or about!31 to 10,1 to 5, 1 to 2, 2
to 20, 5to 20, 10 to 20, 2 to 10, 2 to 5 or 5to 10% e.g. about 1,

2, 3, 4, 5, 6, 7 , ; i hilitr Or
20% This may hall@ a%%ucth]ag%n%ﬁylgé%ﬁ?"lghﬁi@ﬂﬁgga{%%)sg%ovfjntbm dg(?)) about
20% sodi um hydr adlafeupbatituente such as hydrond nilre. sulhalsy, efe-f act or of about
1:2 to about 1:10 in water, or about 1:2 to 1:5, 15 to 1:10 or 1:3 to
1:8, e.g. about 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9 or 1:10. 15The
second ceranic precurf&ersasapd SLENIBPracYrsIrampY hcal(Rof IePIg o Waterglass.

ethoxi de, ngand y fbr@&@é’@?@r\dﬁi ofherié @F palyhetis kliciatRateAg)halingadmpirical
al um ni um aFkom e or a zi rcor% um al koxi de or a Sl fied netal .
al koxi de (e.g. rfeunylpecapout Na=8iPet With é{é@?f&weegfﬁe%gg Nefaﬁefi‘»a‘j‘?mfl“f’“'éd[ﬁl d

al so be a m xed éff.b@hs abike. de WategRisk ha Bavelesalidetcaatentrof abous dltd
| i ke magnesi um sal t,

zirconiuimsalt, aor_ 20alumniumsalt tqg.f _
magnesi um si | i caAROUt 2P GnerRRosE 1 1T d "S%d1 %ﬁcgnt.o%rbt Hﬁ%?‘?ﬂ@ 289.0, 2too,
prehydrolised si3{£®pr altckq)?%,d@.g. ?bout 1, Zf&l@ep@{‘iﬁ 8per'f0ﬂ1qi 12,618 4,015,
may conprise a ceramc _coll ol [ exanple co al, sildGAa.::
ceranic collPoi d Tﬁ-:qﬂ?hé%"é%gﬂ%'ﬁ‘@ W?&%V%F%’O%%Q%gq 85\5‘%&%‘?5' ';9%3 ow
about 40, 30, 20amdut 108rabodt 20%0s0dhme ydfxide iabwaiér. BOmay be dilutech baut
5to 20, 5to 10, 10 50, .20 to 50.0r 1 0. .2Rnm.. Ya. .
particle diamet JPW’&B&%%%'&@Q&?OBQ&Q& "@gtﬁf'gﬁﬁgcé&%%tc ggt?'gﬁ%ﬁﬁ? or
maxi num parti cl et.dit@ms, erg abbutalbyut3,5,:4,105, 16, 1:201:8259 c80;1035, 40, 45
or 50nm 30 In some cases the second ceram c precursor nay

conprise a conbination of two or nore of the above options, e._(gﬁgl it
may conpri 96 a m xt urhecfecandwegramisprecarabemay alsodel d ipaidm alkexide(e.g.

V2012 0215220 T RS bl v BoUB B oseah gsunitians
negati vel y char gakioxide oy zitvenigualkexids ochmogifigd mqtalraélspxigé (e.g. modified
sufficientl'y nedg Xelyf a68BhE Badeho iR oIS b bOa R KBl diborié R
’ could also be another metal sait like magnesium salt, zirconiuim salt, or
20 aluminium salt to form magnesium silicate, alumino-silicate and so on. it may

be a prehydrolised silicon alkoxide.

The second ceramic precursor may comprise a ceramic colloid, for
example colloidal silica. The ceramic colloid may have a particle diameter
25 below 50nm, or below about 40, 30, 20 or 10nm, or from about 5 to about
50nm or from about 5 to 20, 5to 10, 10to 50, 20 to 50 or 10 to 20nm. it may
have a particle diameter (commonly mean particle diameter but optionally
maximum particle diameter) of about 5, 10, 15, 20, 25, 30, 35, 40, 45 or

50nm.

30
in some cases the second ceramic precursor may comprise a

combination of two or more of the above options, e.g. it may comprise a
mixture of a water silicate with colloidal silica.



5 the functional group of the particles (derived fromthe first
ceram c precursor). It may be, or may conprise, an RNA, e.g. an si RNA
(small interfering RNA), mi RNA (m croRNA), ASCDN (antisense

nucl eot i d¥W®MIZMIPBense RNA), an aptaner, a DNA, a pr obEV/AaU2031/001040

gl ycoprotein, a polypeptide, a carbohydrate or a m xture or adduct of
any two or nore of these. 10 Addi tionally a pol yner or

conpl exi ng agent coul d be added such thati4it is disposed wthin the
pores of the particles with the bionolecule to facilitate endosonal
escape. Typically the polynmer could be a pol yethylinamne, a

pol yl ysine, or a polyhistidine or any substance that 15provides a
proton sponge effect Biomoleculdb&ahyel anidhk far thifiseolay chee eaiitdd abovd.

Conj Ugat e aci d 15 PPETcEIRE DB eIy oreB5s Byl 5 Heiclly CRergdb. ' <
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phase t he hydr opdritisensd RNAJ, dnapthnidrea BNAoa drobain, arglycoprateinregnlypeptide,
conbi ned, optionall h ecaond. ] i i din the
hydrophilic |i qu'ﬁ‘ ﬁ%?ﬁ%ﬁﬁéo{t%s@xﬁgé%glﬁ‘gds%éggﬁ y 00%2%%?29% ]EUSti ng
the pH to d0pH below the plc of the first ceramc precursor, for
exanple a pHless th aci i

exanple to a pH Iess%{aﬁigﬁgg Oa&;?ol%e@érc{ogwgéﬁ@?ﬁgﬁ%ﬁ{m %e 3%#& euscg trt‘aﬁan
about 4, and addt reydishesds sithinethel porss aishe pariinien with the digpaleryle to
hase. For exa it b t t i C ! rgor gl S
/ "HeEiltely PRTSHRT exitle,; IT0ERG e Polfer RoBed TRe <2

wat er gl ass or _ . ica, this comfonly results |naba§|‘c
sol ution. The prraysiByliraninener epllyaingonrpai BAYRSANS oI 79y tSypstance that

sol ution. Agidifi6ahb09 JiBtYn BEorgeRittently achi eved by exposing the

solution to 5 a cation exchange resin wherein, before said exposing,
the resinis inits acid (protonated) form The exposing may conprise

conbi ning the resin ang HybRphfit phasdimap bt bR It nydiavaiphibdidethe pKa
resulting mxture, and then separati nlg the resin fromthe acidified
solution (e.g. bfthefirstearamic Prairsen(PrRf its canboRte @519, 1B CHRRIGRredseh
may corrPri se. pasi§iar!ﬁaséhé§g.séh| étﬁih@ﬂﬂ:n&thﬁr@ﬂ@é?amidmé%wéom.h'ﬁemgdriophiiid'ﬁmselo
ratio of resin to second ceramnjc pre or may, be suc e
desired pHZ%Pas d@?&ﬁ?%ﬂpﬁﬁ%ﬁf%aﬁ‘ gb%‘%ﬁbgy%'?s%h?&aﬁgﬁ\Pfépsé’tﬁﬁg' 28cBnd
ceram C precur soq 55y, Ghehebdh dbcrd 3Ryida0d, Giand 10f5, AranddiOd, Byandd Oy &nt
(e.g. an acid) or suj | e ffer, 15 nl i I
will be added toaff‘ﬁio'gc?’ﬁ*4’?’%@3’@#&@%55’5@% 53?“8)5‘ %{1%"%%3@5'6%‘64
hydrophi | i ¢ phasg @ardotshe hy tr 9pheli sb@hids8.5aded Sobih.Dedb. |t may be
added i medi ately before they are conbined. It nmay be added | ess than

about 2 m nutes before they are conbined, or |ess than about 1
m nute, or Jd%ess than GdrombnE0n padharid@ the Bydrophilic phasestbedydsophdicdguid

and the second ceramic precursor are combined, optionally the second
ceramic precursor is dissolved in the hydrophilic liquid. The process may
subsequently comprise adjusting the pH to a pH below the pK; of the first
ceramic precursor, for example a pH less than about 10.5, or to an acidic pH,
30 for example to a pH less than about 7, or less than about 5, or less than
about 4, and adding the biomolecule so as to form the hydrophilic phase. For
example, in the event that the second ceramic precursor is waterglass or



20 they are conbined, e.g. about 5, 10, 15, 20, 25, 30, 40, 50, 60,
70, 80, 90, 100, 110 or 120 seconds before they are conbined. This
reduces the possibility of adverse chem cal reactions of the

bi onpl ecuMO YBHMAIPI2ng. The bi onol ecul e may be present PAT/AHE11/001040
hydrophilic phase in sufficient quantity to achieve the desired

|l oading in the final particles. A typical concentration of 25

bi onol ecul e in the hydrophilic phase is ggout 1 to about 10ng/m, or
about 1 to5 5to 10 or 2to 8, e.g. about 1, 2, 3, 4, 5, 6, 7, 8, 9
or 10ng/ M. The bionol ecul e may be added to the comhi ne hgdroghilic

|i qui d/ second cefolipiial $iicae thisepmmanlyresylts ma pesis souitigp; PSS may

sol vent for thi shekdtbicomprbeutiginity tisediitlon. wi th the hydrophilic
liquid, and is commonly the same as 30t he hydrophilic Iiquid. The

bi onol ecul e may be added in aqueous sol ution.
W02012/ 021922PCT/ AU2 QL3S af Be 6bnvehiently ahievel bl engnsirgmhe solatipndad

soni cating. An effective way tQq ke the, emul.sion i.s t.0 DI
hydr ophobi ¢ 5phas%caé@”@égﬁq%éﬁs'%{‘}g@@'rhlﬁafoéﬁﬁﬁ'ggf‘p?sﬂn%gjesrleﬁlﬁﬁ)ﬁéﬁ%%g
stirring and sonpeRbh6d)formMRaxpbsiagragcompdse canbiaingttheresin and the

hydr ophi Il i ¢ phase. The hydrophilic phase js then pr .
Combining 5t hesctioopeRanely aptaie B EHihe oAUl 5RA ¥l sohageting the
pr Iec ;J_I’ SO ; anddh%/;dgiaghjnh Iﬂ? édimﬁédgscﬁl&tri](gxl (eag:ib@ifﬂtia&iﬁnadnmﬁsg,mﬂ&ﬁﬁﬁ%
solution), an e.resul ting hydrophi - as
practicable to t 8')'595ﬁi”&ao§‘t°@gjpr§FPP$Sé'&g W&B@Sﬁﬁb‘i@‘%ﬁ%g@ B‘mﬁp‘?g& St he
mai nt ?i ln: ngot he ﬁﬁ@bg?fslrﬁn.se&nd casmTpresystrenapbe suchcial be dgsisehbpld
time folloWng the additio ; t - icSHEQULS
or about 10 to 6 ,Sdfﬁcrfbgdfg?v‘%(5%%@%g',A%gm{ugéli‘g%%gaﬁceé%qﬁ 20 to
40 seconds, e.g.mapbetacidfiec?dy additiomof as@cidfping gwest (e120a% aeigh@s of Fhe
sonicating is CO%B%%)“%%WM off after a suitable period so as to

prevent over heat € enul sion. Such overheating could for
exanpl e adversely affect the bionolecule. Sonication may be conducted

t f about -
200? 28\6\6[ 3%2 OSO,OU 10 6%5??%9@6383 %g‘%gcm[éc@é wAPBE taddB8 b hd AERified Mdlition

to 1000 or 600 to SOOWLfg‘@g.

about 200, 300, sfoutly bewre be, hyrsephigoghasro@nd1iso ydreBaoPIa 9§ 1360,
1800 or 2000W  Thenkiadd. ;ﬁéyt?lé’é’ddé@hﬂhie@id@a?sefo?@mydfecu@hnﬂmea.nhm%e
may be about 10 to about 50 %I .e. about 10:1 to about 50: lé%thor
about 10 to 40, adeddespthanchayt Zgninptesihsiers thepate,cypoingd ¢idespthady
'Ifo 40 Oer 25 ;E}? 2?00&-1?nin@@ﬁ5? te&?thaﬂa%bo_@%ﬂ,?@, 36020, 35,0r40 sedéndarbelifre
t may be sufficient for the nolar ratio g r e C.Rr s
to 25 secdfd cethgniaee W@%‘U?@&-gt@wggaﬁ%ﬁl& %6ﬁ§8a%@30 E@ ﬁg:ég% Q%r
about 0.5 to 20, 4g¢,0114%00r 320 GedBndd before theylfret cordbined. Phis qed@cesOth2
?Lf) i 5?' g t (2)_ g gc}ssgn?i!gy %ﬁg&vg?% gl%:mi%afltr%c?ig% 9? thtfga1ioll'r_n?qlfa§|.ﬂ% occ%%ﬂrlilé A'ﬁl'eS’
15, 16, 17, 18, Bi8nRlecd mBY Be plegettietresdtophiliatphabeinfsuffeient guantitcto
precursor is, or _cgonprises,. an am nofynctional. sil i
30 first ceramc® %g&esqu@gg}gﬁ@ tfwg?ftmf gé 1?%%.u/rgggaﬁcaﬁrg%c{?@{rég?rféfd
in order t@svar ybhibhelezarrigehetydtdphiliophaseisebouThiosabiofit t0reg/minniaboutd
| ow (e.g. about % el ativ rankc r
particles wll bé’ ggép‘;ooifl%%é? 3 %@u?ﬁéﬁnﬂ%}%@g%mgg? ??{%gérhgﬁ%ﬁnt
i s hi gher (ar ounbioidlecWe? @i/ B 1ARRROT We20dmpped oaairophilic liquid/second

ceramic precursor in the form of a solution. The solvent for this solution

should be miscible with the hydrophilic liquid, and is commonly the same as

30 the hydrophilic liquid. The biomolecule may be added in aqueous solution.

In forming the emulsion, the hydrophobic and hydrophilic phases are
combined, optionally with agitation. The agitation may comprise one or more



17 mol %9 they will be positively charged. If no am nofunctional
silane is added (or very |low anobunts, e.g. |less than about 0.5 nol %

the parti ¢l@®s5oRe negatively charged 5In the enul spOpARLSRA16L aS
descri bed (Eove the droplets of the hydrophilic phase may have a

nmean di ameter of about 0.1 to about 10 m crons, or about 0.1 to 5,
0.1to 2, 0.1to1, 0.1to 0.5 0.2to 18605t0 10,1 to 10, 2 to
10, 5to 10, 0.2 to 2, 0.2to 1, 0.2 to 5, 005to 2 o0or 0.5to0 1
m cron, e.g. about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1,

Tean may Do & MUa R R e e, a1 amet or The
i

dropl ets may be %’U%‘§{°ﬁd§|talﬂrﬁp%ﬁﬁ%%§§’é’tpggla (ﬂ%%tsﬁe""rsegﬂa B%% Egﬁand
gggr legfltl on tﬁ fmca;t&emewa@@ksmﬁng BAd ém?eamghm prepanatmnrfer addition of

ropl ets may have arti ri bu n_or

narrow particle @P?‘&g S??B ﬂ\ hapc ;?nqsp 3 @eﬁﬁﬁpﬁﬁ% %94%'%
parti gl es fgrm ltﬁélbdﬁndl@@i@mmhewrgbmed se@maceramnic pfectitser dridytraphiic
second ceramc precursor e, condensat i on eGHL SRLS rm
the particles is%EmiBSt ya%'?%fj PERPHS r’ﬁalt‘?rsgééo (g& C{P':)) (ségﬁcotﬁé ésﬁlphg
interacti ogorrﬁydtmk@ph‘lmmfs@ﬁadkibd aByuiokly as pantiealdatd toe somlcatﬁd,;stlrred
conpri se ydr o of . the first r
observed that if" %#%P%ﬂ%%?h%s&‘%{m ng%{]?? tﬁe%ﬁ%‘éﬁf@@f%onri c%e}tlgﬁgpgfgg
is added to the Mno@mfdnacshphamfdilmcg the, additisinde gebaut A toakentsd 280
that for ITB.tI on of suitabl egﬁatgt T
conbi ned h groph?qcioed%trﬁﬁaﬁy‘?r ﬁ % 6{%‘?%0‘(31@6 1@6 2@{% é't?orZOto

tirred
ot herwi se agi t at 4@ secondsuffg. cabemtt'EQ |2ﬁ3 F0o 40f 59n§@4 %Chobf'Z‘t} ﬁ@COHdS The

particles. This £$r>{ qQ’ﬂaﬁggorﬁ@'tohﬁaﬁﬁeﬁrbprﬁér é)ﬁhlfaﬂfe 5&%%@£§foep'@t‘emhe

reaction. The par conducted at any sujtab
t enperat ure, e. goverbeatingefithsreaulsien. Syrchawsmeamg gwlg%m(arggiead&arsely

b
iSO?E) ég t253,?0 ec;t%ezgomjo%%% S%Qic_g@on %rtb% conddBet Gt apodker od abbut

may be condiict ed%ﬂtoa?qoﬁlﬂ?b@famlﬂao@% HWOE %@0 é)i";@&?%?%}%?%’g)ﬂ %&82&%”

of the biomol ecukgs oMol fe@@%@@owf efghsbmrzbocbwmysaoaseomaoao
to about 120 m nutes, alt qh the co medang

2012/ 021922PCT/ Ammp@omo@ 4Q0. RO HEBAG gy 59@ ot hervvl se agitated

for lTonger than this if desired. Suitable tinmes are about 10 to 100,

10 to 60, 10 to 30, 20 to 120, 30 .tpo 120 to 120, .30 t0

to 75 minutes, e.g. abwuetiaef hyggophggl,c p%g?egg?ydé%o?hlﬁ:@hai%fnag%g agémll@o

gﬁ 70h 75,2080, lﬁ)‘iabr?%%o @awﬂnoms,abaaao%o 1)15rabou12?tm01m@ds 30510 to
ce the particles have fqrne Y, AnG [

This nmay be achi gge%p‘iorﬁosspﬁogp ‘{eoh vﬁﬁﬁﬁ? sg g%i? ?%‘n aﬁogg%tﬁggoof

the particles. |p5ney 36oaprdsse 58ddi ng a surface treating agent to the
emul sion follow ng formation of the particles so as to surface treat
the particles. The

It may be sufficient for the molar ratio of first ceramic precursor to

25 second ceramic precursor to be about 0.2 to about 20 mol%, or about 0.5%0
20. 11020, 21020, 510 20,1010 20,0210 10,0.2t05,0.2t02,0.2t0 1, 1
to 10, 1to 5 or5t0 10, e.g. about 0.5, 1, 1.5,2,2.5, 3,35, 4,4.5,5,6,7, 8,
g, 10, 11,12, 13, 14, 15, 16, 17, 18, 19 or 20 mol%. In the event that the first
ceramic precursor is, or comprises, an aminofunctional silane, the ratio of
30 first ceramic precursor to second ceramic precursor may be varied in orderto
vary the charge on the particles. Thus if the amount is low {e.g. about 1
mol% relative to second ceramic precursor), the particles will be
approximately neutral charge, whereas if the amount is higher (around 10



10 surface functionalisation may be a PEGyl ation (i.e. adding

pol yet hyl ene gl ycol chains to the surface). The surface treating
agent may conprise a pol yethylene glycol (PEG chain coupled to a

bi ndi ng gMWsUP12/ARZPEG chai n may have a nol ecul ar wei gMET78P208H8ME40 t o
about 20kDa, or about 1 to 10, 1 to 5 1to 2, 2to 20, 5to 20, 10
to 20, 2 to 10, 2 to 5 or 5 to 10kDa, e.g. 15 about 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20kDa. The bi ndi ng
group may be a trial koxysilane, i.e. the surface treating agent nmay
be a trial koxysilyl PEG Suitable al kox ou s_i cI de t hox

et hoxy or pr opoW‘)'%&NWW'H%PBP'%%bP'éafggq’3 9"%‘ eo'é%gg%%l
e.g. triacetoxy,of VdrPdwBmolihtsC8Q! R%Y thdr ammd@ mbl%) the gartislesanay bé
the particles nay be” 20 functionalised by reacting the surface with a
PEG (or ot her suﬂelQQBYPéYﬁ‘?ﬂrg%l e) having a functional group that
reacts either with the OH of the surface or am no groups i ncorporated

d dat th f f th ticles. E |
functonal PEG surf ad e eavishy BEaREd A Seneraes aLpge Oy pr e g e
with surfacg amrpg cq;{hgig&%\&a e hped bi akas disetehef aBowr. 1 deabani M@
roups may be actjvate 0 r r
?SO'I[JEI ocy;nat e JRiSHES) O, “?@1&%?9@@% QAT d gnf‘rc(ﬁfi dT% | onag %Eg% P

surface treatingoagentts.1075etoPEG0RZ tupsOarte gén2tabiSy Ol5atog2 of 0.5 to 1

ically > , h
Sphere but 1 at nabioi P et e 0 3D B S EREOLD B AT L Py £ 5.3

particles. 14 ramgg, 414.9, 150617 @nalor PEGECTOBS.Cltvermeeari @By Pe araimbes Eefage ch

are.suitablé for_this [ o]

PEG and  VIc012/%52 80 355t sBRae BRmEER TR, SFicls R g sURa R
which will both momumrsadmheuenww@meme@ailowm@namws@n%ﬁeqm
surface of the q c n abh@Ble Siz8-
PEGyl ation, in gﬁée@g{rﬁﬁtl@ ﬁﬁ%ﬁ :Jﬁ‘r[%tald? lét’? h@ag ﬁ?}ecg B}dag bhﬁi
particles, may bistiibuicnea somedinter/uarow parb@sﬁ@e@@ﬁrehttﬂpaﬂs I n basic
condi tions t5he first ceramc precursor (e..g. an am nosilane such as
am noet hyl am nopr opyl tri et hoxysi | ane in sone cases be. a

directly to the secords theughit atﬁh%ﬁ@ﬁ@l@?}{cﬂ@ iwidW&r@ql@g&ya}tEfacﬂon of

| | oi dal |
ﬁgt g:al gw Sll 0' tcﬁtée fftg? ?Q@choﬁa%@%rﬁleﬁré?ﬂrébfrs trhe cBNdHr@BfUH dfehahrac@sors

first ceramc ﬁagsor | n such c)as’_%
the initially fdﬂrf@f(ﬂ’l theqrsliclesdn commpay YeY iseeangs o peeangs). The’
condi tions) may lﬁ%rédﬁ'aﬁq’ﬁé&eﬂé birea@ict ftirgsl bd bl@nﬁarysamenvle nia? Wﬂbe
attachnent of the bionplecule to the artl cl if the bi 04@ gg%le irdtS
negat i vel y 28har gaxdlrolyy's pHae fegt 6p1aMicPg F%rSQUHg@aL'?Eﬁ't‘ pssesrﬁ? ee
treated, the acigihinfairboisomy aﬁﬁcﬁ@ftﬁﬁdﬁél%ﬂ:db@édﬂ&l torthe Aidrophiiicphase
subsequent sur face treatge E so as to

il
attachnent. Wt hRetly.Hapl IRB QCEHTS 684"{1 if HBPS%@%?Y St‘%d particles is
particles, rel easev@iteithe bi onol ecul e may be very rapid (of the order
of mnutes) unless it is sufficiently large to prevent its escape
t hrough the pores of the particles. 20l n sone cases the surface

treating agent may cGirmzrdo&ﬁ)naedlwdg:aihﬂrmgar@r@dmphoblctpaawmagbastlréﬁcb@t

el koxyst | y1 - PRESHERE pgtatesiiop SRR BFuRaya9Bha PR RRTPRS v
the PEG, i.e. |tde;mmhatv|ea$the I o tthe deropératuke of she yeacneuﬁmegeﬁmﬁ@
group. The targe{%rfﬁrgg{%r} ge{yob.? cf‘edaal £unf%leaté?ﬁ75érbﬁ}r'éaé g. 4@om

organ or sone ot argeti ngS or _exanpi e be an
anti body or an atenpesatyre, roagheuittw(te apouty D}abwdﬁﬁpé@ &9 ta gt Hhice

targeting %c{)”pszb G {as %6% ??dis% 35P¢8td &8 1%%95'0?98 to P8I, ik about

hor nones, ri X proteins, urface receptors, proteins inyol ved
in cell adhesi on15p203tﬁ 39 orraﬁocvlédnaywb@@pndm‘é%ghattiafaﬂefaﬂff%tb&'%t e

invol ved in cell oot bty temperature of the biomolecule. The formation of the particles
may take about 10 to about 120 minutes, although the combined phases



30 proteins involved in cell recruitnent, proteins involved in cel
differentiation, proteins involved in disease recognition,

bi ol ogi cawd/mqﬁfjlyﬁ car bohydrates such as heparin and pelalf91061040
substances, biologically active glycoproteins including but not

limted to those which fall within the classes |isted above,

W02012/ 021922PCT/ AU20111001040 20 |igands _of any menber of the above
cl asses, fragnents of any nenber of the dBove cl asses, honol ogues of
any menber of the above cl asses, | ownol ecul ar - wei ght subst ances

sharing the aff 'rﬁg,} ¥e QﬁrrédJHICéth@r%ééf aq?«étédrfemﬁgerqﬁaﬁ fies Albdesiredc Saksigs,

ot her | ow nol ec S_suc

ar wel L onol ec
nutrients, dr ug§|mQ&)&rﬁr§3°Uﬁéﬁﬁ%ﬂQ%n‘korﬁotqcbr@ *Oéi?daaﬁ? ﬁép%ﬁsmq ga,
?Ut 008' ne a?dbp?{Z?)CBD'?@Q? bgm?mt?s ﬁﬁrﬁ.}te@le Bbe&t 10, nalm?zspsm 35, HoM5,
i gands, netabolites, catabolite a
may be added di re©By68.$% ke 7sﬁj§§e@§ génggffﬁ)olgalﬁ' ﬁaltcl g H%@Fﬁgﬁg‘
hydr ophobi cgphase. Reaction may be conducted suitably at around
anbi ent tenperature

, €.9g. by st f i tabl

reaction. Suitable ti % the éa%BIIS%IE‘ Qeq{oggéggngyé@? S%Pgag%l%g% Pé%vto
16, 8 to 12, 12 tis ay B8 dchieldd ot sihZ ited wliBiohbeesaratiory or éotalion&f the,
16, 20 24 h S ff t t
L 20O 24 Mo Gut sy SBhgPi a5 b oL R, B a0
sufficient to pff@ﬂcﬁWﬁhgmsnmétmarmmacaggtoegmceweeﬂhgmaﬁ sefhet o

d t abl t t t t
tce the pdbti ol whavEToBliYp AP B 'd BEEYEn (' aRifbot BuyRhe
20 conpl etely drgleshl chiins to the mrfas:ehgﬁwee@;utaceﬁf&ahng ﬁge@tamy gp@grise a
which, if it occur rpﬁﬁng\ﬁp#b&&%mr%l ng%lm|w$&n Cﬁ{’épm%ﬁéﬁ'ﬁ

ci rcunst ances bepodY articles e s;gar at ed from
the sol uti on by mephavé ugmlecmtarv\&j;fﬁabﬁ@l&éﬁ@ﬁb@&ﬁgkﬁaeof st 1 troBhd

o 30000rpm . 60 SupiEe 5l 4508 25 6§q§%33§%8@°4535€&8?9’58%‘5§€$

Sui tabl e seifar at aotils2.cornbid. Y, 8chilBvEl RnTabdui 5516 47118 AP N
al t hough | onger er%@%{}d%ﬁ?ﬁ#oh?@néﬁe AtriditdXBsi|aRe, ius ek erkm:ertmhg agent

partlcles my be was to _renove I urltles

process of washi Mgy ke tialkanyslyl PESuSpFR ﬂ@%ﬂob%'w'eﬁ%eﬂeﬁ?x& ethoxy
The S0l vent (e b0 R O e R ot ugaL) ol S gerant g
t he sol vent f rorﬁ"*PH@mpatf'f-'ﬁ‘QJP’éfs trigrid Pse'l)énﬁg %HTE %%Ea%ESIFve'ﬁ%
one that dogs nofndefilivés dyhreaRtiRimheclirface with a PEG (or other suutable
vieeol2f 021922PCT(31€\%208I}3%/h291%1g %Ofu%cttonal group that reacts either with the OH of the
surface or amino groups incorporated inside and at the surface of the
particles. For example a carboxyl functional PEG surface treating agent may
be used to form an amide with surface amine groups on the particles, or the
25 surface amine groups may be activated (e.g. by formation of succinimidyl
groups or isothiocyanate groups) and then reacted with aminofunctional PEG

surface treating agenis.

The PEG groups are generally large (typically >1KDa) so that they will

30 not penetrate inside the sphere but rather will graft primarily onto the surface
of the particles. A range of functional PEGs is commercially available which

are suitable for this grafting, for example isothioccyanate-modified PEG and



This may be specific to the particul ar bionol ecul e used. For exanple
et hanol does not affect the structure of DNA or RNA but nmay denature
nost large proteins. Suitable solvents for washing include

hydr ocar b¥52032¢M928s hexane, cycl ohexane, tol uene et c.PGHUVRICHRGP s
such as ethanol or 5isopropanol. The particles nay be washed several
times (e.g. 2, 3, 4 or 5o0r nore tines), either with the sane sol vent
or with different sol vents. The regglting particles may be
resuspended in a suitable solvent and stored as a suspension in that

solvent for |ater use. This solvent may be a , 10 clinjcall

accept abl e sol vesbepy-rmedifighP EScyvbigh W'gbqtﬁ PH@U&%PM@%@%%&%&?%% .
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ni trogen tenperat ur e.gubbeyueim¥uRscesiunkBshaiibatibny elg; PEGYRBNATUber They
may be stored in a freezer os:%g'n a refr%ﬁerator. 20l n_t he abov
he swigge 05 & R

passage, whére riEpeionglse | &° 6FS: 1A% bEITAIF) Meﬂgwﬁri?se
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met hanal may be SEEs b Heisce e FRE D coBuRAST I SbeEyenty
process with regauidifiech Thisemby semvede pramote Jiteehaealfthe bigmolegylq igdhe
bi onol ecul e is té’a‘?{i&&l. lifyﬁﬁﬁﬁﬁ%&%ie Tﬁh%e%“}g% hgglﬁegnq o8 E,g}gclgg efbse

nature of the process, or exafpl et e and anpunt of
first ceranic prabsegesntlyshdaceli¢aiedthepedifiration way be ceqgucted before or

2012/ 021922CT/ %R%%Qﬂ’é&ﬂ@n?%uﬁace treatment so as to facilitate PEG-silane

attachment. Without the presence of positive charges on the particles,
release of the biomolecule may be very rapid (of the order of minutes) unless
it is sufficiently large to prevent its escape through the pores of the particles.

20 In some cases the surface treating agent may comprise a targeting
group for targeting a target in a patient. For example, the surface treating
agent may comprise a trialkoxysilyl-PEG having the targeting group at the
distal end of the PEG, i.e. it may have the structure trialkoxysilyl-PEG-
targeting group. The target may be for example a tumour or a particular

25 organ or some other target. The targeting group may for example be an
antibody or an antibody fragment (e.g. an Fa). Examples of suitable
targeting groups include antibodies, peptide cytokines, peptide hormones,
matrix proteins, cell-surface receptors, proteins involved in cell adhesion,
proteins involved in cell recognition, proteins involved in  cell motility,

30 proteins involved in cell recruitment, proteins involved in cell differentiation,
proteins involved in disease recognition, biologically active carbohydrates
such as heparin and related substances, biologically active glycoproteins
including but not limited to those which fall within the classes listed above,



ceram c precursors used etc. Cormonly the process will deliver EE of
greater than about 40% or greater than about 50, 60, 70 or 80% The
EE may be for exanple about 40, 45, 50, 55, 60, 65, 70, 75, 80, 85

90 or 95%W®HA/2IFArticul ar enbodi nent there is providé@ﬂaUﬁﬂyﬂég@’
for meking particles conprising a bionolecule, the process

conpri sing: a)conbining: a hydrophobic phase conprising a hydrophobic
l'iquid, an am noal kyl am nofunctional trigpkoxysilane and a surfactant
having HLB 10between about Band about 16; and a hydrophilic phase
conprising water, waterglass at about pH 5 and the blﬁnqlec ul e

to forman enul s"&?ﬁ%@frﬁ'ﬂ! wH@eHPB@?éb§V%F[aF?\%S fPamsp |a@y§?ﬁ%{gk@e fof™>

di spersed in thenRwdhoPpBRBLES, Hbﬁa%gué@df dSbmagibbasi thg abbee elasdes, ww-as
the particles formfromthe ticul

embodi ment t her emP?C\é‘ﬁleﬂ!@HS@S%Qﬁ%%arf"@rtn?rﬁﬁ H@Bfgfépftfoa %é"y member

conprising a bi ogoheCioRe tﬂé”b@.e@r&ﬁéﬁﬁwﬁﬁmﬁwlﬁrW@algmcb‘iéﬁmolealgea such as
surfactant having HLB between {grbout 8 and a

Ry clr ophobi ¢ 31 1 qURRITERES AUHETE: EHORPEANRY DRSS HATS ransrmters,

autocrine and paracrine transmitters, pigments, lipids, oils, ion ligands,
metabolites, catabolites, etc.

The surface treating agent may be added directly to the suspension of
10 particles in the hydrophobic phase. Reaction may be conducted suitably at
around ambient temperature, e.g. by stirring for a suitable time to achieve
reaction. Suitable times are about 8 to about 24 hours, or about 8 to 18, 8 to
12, 12 to 24, 1810 24 or 12 to 18 hours, e.g. about 8, 12, 16, 20 or 24 hours.
Sufficient surface treating agent may be used to achieve a suitable level of
15 surface functionalisation, e.g. sufficient to prevent excessive particle
aggregation or sufficient to provide acceptable targeting of the particles to

the target in use.

Once the particles have been formed, it is common that they are not
20 completely dried. This inhibits aggregation of the particles, which, if it
oceurred, would require resuspension which can in some circumstances be
difficult. Commonly the particles are separated from the solution by
centrifugation. Suitable conditions are about 10000 to about 50000rpm, or
about 10000 to 30000, 30000 to 50000 or 20000 to 30000rpm, e.g. about
25 10000, 20000, 30000, 40000 or 50000rpm. Suitable separation is commonly
achieved in about 5 to 15 minutes, although longer centrifugation may at

times be used.

The resulting particles may be washed in order to remove impurities.

30 The process of washing may involve resuspending the particles in a solvent,
allowing the particles to at least partiaily separate from the solvent {e.g. by
settling and/or by centrifugation) and decanting the solvent from the particles.

It is important that the solvent is one that does not denature the biomolecule.



trial koxysilane so as to forma hydrophobi c phase; conbining water
and waterglass, adjusting the pHto | ess than about 5 and adding the

bi onol ecu fQ2/8594,0 forma hydrophilic phase;
conbi ni ngk‘ﬁe %%rophobi ¢ phase and the hydrophilic phgggAlst()()lg%01g4g

25form an emul si on conprising droplets of the hydrophilic phase

di spersed in the hydrophobic phase; agitating the enulsion as the
particles formfromthe droplets; and 1 addi ng a surface
treating agent to the emulsion follow ng formati on of the particles

SO0 as to surfaceypt; i . . : :
of adding the b%ﬁ&%ﬁ%&&}?gﬁﬁg&?ﬂ%ﬁé‘tiCL@Qlecﬁ}nélbbtﬁe@Mﬂbf@d&hpldé’tﬁamﬂep

duct ed '
than 1 m nute) piqe(§r90¢@ﬁ?ﬁéh%§'@§ﬁt§ﬂ%n@lcﬁ:ﬁ)§ AT h‘%ﬁﬁ@a’%ﬁ%gﬁﬁ@%i%&iﬁge

hydr ophi l i c pha ikN ' i
2012/ 021922PCT/ gteins) al?ﬂgggoggogﬂgeé@w(?? EEQW&PNAM? P Sllmg ilse
as described pregxa08] Fyclphexagg. ARIVERE GiRNAT I"‘fjic‘??‘é’ﬁ SHER &5 eﬂ%@ gbéve

enbodi ment, 50t hegombhaml IR FEMCIEEmES BE waBhédiséveral tinfesl(egs2 hdror dtpout
5. For exanple bas‘ip((l?,pconditiﬁ(;gri:ts(C ¥ infesl(eg52.t% u

e used.  The | nBRediESTpidIeaBitn i eerprath R e ear B s o
Zbgglt I gi \é\grl gugl so be usable. Qther possible variants include use of
Nater/ wat or gl ass comDNsAErdie PRRESes ey Partiohifesf Bl fife Sngrtand
' stored as a suspension in that solvent for later use. This solvent may be a

10 clinically acceptable solvent if the particles are to be delivered to a patient. A

suitable solvent for storage is ethanol. Commonly the particles will be stored

at a temperature of about -210 to about +1 0°C, orabout-210100,-9010 0, -

210 to -100, -210 to -65, -90 to -30, -30 to 0, -30 to -10, -20 to +10, -10 to

+10, 0to 10 or 0 to 5°C, e.g. about -210, -200, -180, -160, -140, -120, -100, -

15 90, -80, -70, -60, -50, -40, -30, -25, -20,-15,-10,-5,0,1,2,3,4,5,6,7,8,9

or 10°C. They may be stored at about liquid nitrogen temperature. They may

be stored at dry ice temperature. They may be stored in a freezer or ina

refrigerator.

20 In the above passage, where reference is made to ethanol, the
ethanol may comprise up to about 30% water. Thus the ethanol may be
about 70 to about 100% ethanol, the remainder being water, or about 80 to
100, 90 to 100, 70 to 90 or 80 to 90%, e.g. about 70, 80, 90 or 100%
ethanol. Isopropanol, n-propanocl or n-butanol may alsc be substituted for

25 ethanol, with similar restrictions on water content. An advantage of the use of
ethanol or propanol is that it provides a sterile environment for the particles
for delivery to a patient or for other applications in which sterility is a benefit.
in some instances methanol may be used.

30 The encapsulation efficiency (EE) of the process with regard to the
biomolecule is preferably high, as the biomolecule is typically expensive. The
EE will depend on the precise nature of the process, including for example
the type and amount of first ceramic precursor, the ratio of biomolecule to



10encapsul ation of relatively |arge bionolecul es such as proteins.
Formation of nano-particles (<100nm I n various enbodi nents
it may be advantageous to formparticles on a 15smaller scale,
parti cul aMG2@¥01EZs than 100nmin size. |t is envi sagedl/p Wi l/im8
may provide for nore effective delivery of the bionolecule in sone
I nst ances. _ Accordingly, the invention also provides a
process for making particles conprising &g2bi onol ecul e di sposed in
Eo&es th_reofh t he process conprising: 20a)conbi ni ng: a
ydr ophobi ¢ phase conprising a hydrophobic liquid and a .surfactant_
and a hydresgsamic BresHERE bHafhPics iQ?g"fQO'PfygF%@H‘?%SE "Y'\?&&I’ Fana &
ﬁat al yst, so as 4@afePiHANEbRIUISRI BNgeanmPthai Ao 50pb&tA) @fsiherhe EE
ydrophilic 25phase dispersed in the yg or#i{l [ ; té)jo
addi ng a cer am cMpy be fRrEFAMPE 300MT Ao fi%s é %H %gbgfiélon%&tgﬁeor .
gﬁ;gmf precursor; o ?) adj usting the pH of the hydrophilic
hase to a range suitable for the bjomlecule; 30 ' ;
bi orol ecul e %and a fur@@ Eﬁf‘é\‘FL{@e‘ﬂn% 'Eﬁ?tct%BFee@lﬂIgY)'ggqag%ﬁ%séﬁlgjrl TaKing
and e) agi tating pAfclesBbBpasings bidneolgnrd,ithd prockss comprisinge t he
a) combining:
a hydrophobic phase comprising a hydrophobic liquid, an
aminoalkylaminofunctional trialkoxysilane and a surfactant having HLB
10 between about 8 and about 16; and
a hydrophilic phase comprising water, waterglass at about pH 5 and
the biomolecule,
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase; and

15 b) agitating the emulsion as the particles form from the droplets.

in another particular embodiment there is provided a process for
making particles comprising a biomolecule, the process comprising:
combining a surfactant having HLB between about 8 and about 16
20 with a hydrophobic liquid and adding an _aminoalkylaminofunctional
trialkoxysilane so as to form a hydrophobic phase;
combining water and waterglass, adjusting the pH to less than about 5
and adding the biomolecule so as to form a hydrophilic phase,
combining the hydrophobic phase and the hydrophilic phase so as to
25 form an emulsion comprising droplets of the hydrophilic phase dispersed in
the hydrophobic phase; ,
agitating the emulsion as the particles form from the droplets; and
adding a surface treating agent to the emulsion following formation of
the particles so as to surface treat the particles.
30
In this embodiment, the step of adding the biomolecule may be
conducted immediately {e.g. less than 1 minute) prior to the step of
combining the hydrophobic and hydrophilic phases. The biomolecule may be



droplets, WR2012/021922PCT/ A1J2011/001040 24 wherein the
functionalised ceram c precursor conprises a functional group which
is capable of pronoting penetration of the particles into cells. Mny
of the fedQAeH0231?d enbodi nents di scussed above in rel EEVoRHGWIGt he
preparation of mcro-particles may equally apply to this aspect of
the invention. As such, these features and enbodi nents are explicitly
i ncorporated herein by reference in ordemato avoid unnecessary
repetition. In that regard, the functionalised ceram c precursor
described in accordance with this aspect of the jnyentjon corresponds
with the first cavRRiNAerpPdAgredier bianeleaieasdepcaBer erevipH ths'?‘a\ﬁﬁ an
precursor descridyagdai n accordance with this aspect of the invention
corresponds with the second ceram c precursor discussed above.

Not wi t hst andi ng the incorporation of features and enbodi nents 15

nentioned above, in Raydddnd &ithe BBEH amBbdimeht, biiteripRivangésmay be used
functi onal group of the functionali ceram.c ecurs iroei S Cﬁ%%béﬁ

|
of chenical Py i regeadof IL@SV\#]?“,abPH{’ gggarr’rﬁﬁ‘aé“@?etgspo%qngf T Y
interacting wit fb;e&tbetr%hmhesw@- bf@éecﬂmlam\&,ntdrﬁleofﬁsidmmmrm—lé wdbe
r ani recursor nay, be an .amnof ynctijonal . cerami c~pr
S A an nof unorrBsmEt aped Ry SananbE Wouls f%e pE kAN QRist fIsI vt
am nof uncti onal isgu@eLse PrLcolivRiarsuspensiosauchaas aoltotebikyd, implace gitbep.

For exanpl e, the am nofunctional .ceram recur qﬁm%r'
3- (2- ani noet hyl d’iﬁa}ﬁ&vﬁﬁe S tCPFWE}aﬁSstFTI'%ﬁg, %J%%ES Hdy uhdle for
( 2- ani noet hyl an grehpslisticndfmeltivelPiarge bibmetdvoles sutkaae praeipg-

am noet hyl am no) propyl tri et hoxysi | aneor

25am noet hyl am no) et hyl am no] propyl triethoxysilane, or a m xture of

any.two or nore of t liesmation of nanofieeticles f<486mm} may agai n have an HLB

of about 8 to about 16. It has been found that good results may be
achi eved with nonyl phenol ethoxylate. 30The hydrophobi c phase may
additional |y conpri sdsvariaus-esipotiieeninit may berdeantageoss tJREN pattiges ona

exanpl e 1- qgnt ans%ai!er scale, particularly of less than 100nm in size. itis envisaged that this
may provide for more effective delivery of the biomolecule in some instances.

Accordingly, the invention also provides a process for making particles
comprising a biomolecule disposed in pores thereof, the process comprising:
20 a) combining:
a hydrophobic phase comprising a hydrophobic liquid and a
surfactant; and
a hydrophilic phase comprising a hydrophilic liquid and a catalyst,
so as to form an emulsion comprising droplets of the hydrophilic
25 phase dispersed in the hydrophobic phase;
b) adding a ceramic precursor to the emulsion and hydrolysing the
ceramic precursof;
c) adjusting the pH of the hydrophilic phase to a range suitable for
the biomolecule;
30 d) adding the biomolecule and a functionalised ceramic precursor
to the emulsion; and
e) agitating the emulsion as the particles form inside the

droplets,



WO 2012/ 021922PCT/ AU2011/ 001040 25 In the case of the
preparation of nanoparticles the viscosity is not considered critical

because mygt g-emilsions are forned (as opposed to nor ' ,
) PR,

whi ch are thernodynam cally stabl e and consi st of ver

droplets. 5 In certain enbodi nents, the hydrophobic liquid
conprises an al kane (e.g. from hexane ( to dodecane (Cl2)), a
cycl oal kane such as cycl ohexane, aromati (e.g. toluene, benzene)
and bl ends such as kerosene. 10 The hydrophilic phase conprises

?_ hydrophilic I'iquidyafeir thefuabitnalisdtDéeraripbsursdriventpyidep Rircticnal
i quid may conpri se water. and t he catal yst be ? acid. Myre
general |y, typi c#{PUR¥iaNyS FaPatip °W8P’l9f'6% pgf?%?ﬂlpﬂé) Q’\el Ffa{g%esa'lnfé)o%"aes
gg{_se a0|dslﬁr bgses, fluorides or other netal al koxide e.g.

i tani um al koxi de. T i onol ecul e,.may, be | .
For exanple, it may WW&Q@%@R‘?%@%W%@W@%@%@ §{"% 1§§%ae éte
|b ;[ olms) I |e 23;’12@% e 1?% Rasaraiigh bgm@banmreesnmj ety ppptyi ©l tb'_rs. aspeet of the

N e

antisens_e, an a ein,
pol ypepti de, a cCiatbpbytsdiaenibyaeietceiromer mddadtunagcessgryreretiien.nor e

of these. In a particul ar, epbodi nen ' | | RDA
The process inclﬁﬂé?gﬁﬁﬁﬁg‘? %@g?ﬁséﬁggéﬁag%lﬁ%ﬁggg%&ﬁggEd i@ﬁ% e by
nga?_dl ti OP 01;] awmamgl sspebt aftheNaGitiokelrrasrbridsiadii the firgt ceramicipeectrsor
addi tion of, the bionp : ' | 2 ) r
o avoi d delfar ur SETOReBAorRs F SaaBer g S e S ha P fere At A"
ﬁogdulct ed at Io;/\g;ﬁiéc( s_ﬁfﬁe é[@ﬁmjort ooNEeRPENES SNf iNE| BFONKICREAMIE LTSI he
ydrol ysi s reactj, I.nhi biting condensati on of the hydrol d
precursor. Befor%‘géhcfglg?iagﬁv%f t he 30bi onol ecul e, the pH isyprgf gfgbl y
I ncreased to nore neutral conditions (i.e. pH > 4).

Wr012/021922PCT/ AUZ%RQ&QA(%Q the incorporation of features and embodiments

15 mentioned above, in particular embodiments of the invention the functional
group of the functionalised ceramic precursor is capable of chemically
interacting with, for example electrostatically interacting with, the
biomolecule. For example, the functionalised ceramic precursor may be an
aminofunctional ceramic precursor, such as an aminofunctional alkoxysilane.

20 In certain embodiments, the aminofunctional ceramic precursor comprises
an aminoalkylamino group. For example, the aminofunctional ceramic
precursor may comprise 3-(2-aminoethylamino)propyl trimethoxysilane, 3-[2-
(2-aminoethylamino)ethylamino]propyl trimethoxysilane, 3-(2-
aminoethylamino)propyl triethoxysilane or 3-[2-(2-

25 aminoethylamino)ethylamino]propy! triethoxysilane, or a mixture of any two
or more of these.

The surfactant may again have an HLB of about 8 to about 16. It has

been found that good results may be achieved with nonylphenol ethoxylate.

30 The hydrophobic phase may additionally comprises a co-surfactant, such as
an alcohol, for example 1-pentanal.



26 - Again, a polyner or conplexing agent could be added such
that it is disposed within the pores of the particles with the

bi onol ecule to facilitate endosomal escape. Typically the polyner
coul d be AQWYEAPAZ i nani ne, a pol ylysine, or a pol yhi BEVYIHA/EH044ny

substance that provides a proton sponge 5effect. As with the
previous aspect of the invention, the process may additionally
conpri se: addi ng a surgbace treating agent to the

temJI fi '?E fol |l ow Ing 10f ormati on of the particles so as to surface
rea e particles. The, surface trea i n Jse a
pol yet hyl ene gl ycol dhaicassupl B8 RrePaaPRhHE ﬁﬂ%ﬁ’ragl?& !ga ECBF dﬁsr{b(’t
g L (r)?gc geg Pgt ﬁgpggirn?ld@fed?bﬂﬁzhﬂg)e'fcb@sdoﬁildreiehwi%ﬁ}% gleyforhed (s oppiasetite

i cl es or ex t t
e e e, Pt eciions o et S S AP

treating agent n@yalc@ADMnHRIreplé@r geting group for targeting a target
in a patient. For exanple, the surface treating agent may conprise a

trial koxysi I5yl - PEG conprising the targeting group at the distal end
20of the PEG from't hen t:éntéih kembydineane tigr pdoophobic quu‘tﬂ@rmmiﬁeaah@ikaaeso

provi des for par |cI e by proc f
precedi ng par agré aﬁ'(?t &(36) E) \5@33?%% g&?ﬁjl %fc!ads%"%gg 8”0% e
i ndi cated for pr@mmﬂem’ie carematiber(age ubluener éatzrane) afd éaimdgeals@ as
di sorder or condjtion. Accordingly, in an aspect of the

i nvention there f%¥° i ded a phar maceutical conposition conprising a
parti cul at egsubst ance as di scl osed 30herein together with a

pharmaceutical ly acceRlaRlifo e’ dHake cOinbHEY a RYdrE¥flilidifY and a catalyst.
For example, the hydrophilic liquid may comprise water and the catalyst may
be an acid. More generally, typical catalysts for hydrolysis of the silicon
alkoxides may be acids or bases, fluorides or other metal alkoxide e.g.

15 titanium alkoxide.

The biomolecule may be as described above. For example, it may be
negatively charged or sufficiently large that it is incapable of passing through
pores of the particles. The biomolecule may comprise an RNA, an antisense

20 nucleotide, and antisense, an aptamer, a DNA, a protein, a glycoprotein, a
polypeptide, a carbohydrate or a mixture or adduct of any two or more of
these. In a particular embodiment the biomolecule comprises siRNA.

The process includes adjusting the pH of the emulsion, for example by

25 addition of a base such as NaCH, KOH and NH,OH prior to the addition of

the biomolecule and the functionalised ceramic precursor to avoid

denaturation of the biomolecule. Typically hydrolysis is conducted at low pH

(such as 2) to ensure sufficient kinetics for the hydrolysis reaction while

inhibiting condensation of the hydrolysed precursor. Before addition of the

30 biomolecule, the pH is preferably increased to more neutral conditions (i.e.
pH > 4).



W02012/ 021922PCT/ AU2011/ 001040 27 The pharnmaceutically
acceptable carrier, diluent or excipient my be a solid or liquid
filler, solvent, diluent or encapsul ati ng substance that may be
saf el y us&@ 12/6318%2eni ¢ admi ni strati on. Dependi ng uponP§HAUWAKYGIE| ar
route of admnistration, a variety of carriers well known in the art
may be used. 5 These carriers may be selected froma group including
sugars, starches, cellulose and its deriwstives, malt, gelatine,
talc, calciumsulfate, vegetable oils, synthetic oils, polyols,
algrnrc aci d, phosphate buffered solutjons, enuls 0
saline and salts sucHoad. AirRlymar anw&plsét"ﬂé%ﬂtc%ﬁ %ai%lr%@h?@?t HEs,
brom des and sul figiaed vithiAtheporéd Ethe pakticks witkethatbismoledide to facilitate
propi onates and na| onat es and ? roag Q free water. A use

iealy thy

descri bi ng phar fEESPTBLPIGFPSC & PBFPIEE coui 8 H gk Sty iARhens

exci pi ents is RejBiigHind) osa Poghigediee bt A8l subsiaate that frivbidks 2plutorssponge
Co. N J. USA 199 );' which is incorporated herein by reference.

15Dosage foPns i9itdCtide t abl ets, dispersions, suspensions, injections,
sol utions, syrups, troches, capsules suppositories aerosols,
transder rral pat ches gnd t Like. e o] N de
injecting or inplanti gwggetpeoqrp\élaus @%g%% %taﬂ%evn&é'g@mg?s{? 3!“2%&5 ﬁJaH
specifically foradditiocnappeqropiseor ot her forns of inplants nodified to

act additionally in th' S f@@géloapg gc(? rﬁrﬁatér{gb‘ggelﬁat‘oetheoéﬁﬁlsf% foilowmg

adm ni stration rrayb f the particul ate
subst ance db theformata:nrtofcthe p%cleexampltesutﬁa@l treaiéhﬁt particlpwr ent er al |
subl i ngual , buccal, intravenous, intra-articular, intra-nuscular,

i ntra- der nal : subcut aneous, i nhal at | onal , int r aocul ar,

i ntraperitoneal, 25 Atheaudaedireatingtagestinay compasestiedlyaihyanriolyFRl chaiRe

b | d. d
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condi a mammal_ i nclu tﬂ
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the step of adni mlmtbyiemrggww chainttpdig atréa@tﬂfét'%ﬁe@d&% GPEEXRR
herei n, or 4che RB: I-REG
! 15 as@tagé%‘aﬁhg bdl it WP’E‘G—SI@M SIS tFlaIRBRYERY

t her eby treat sal | sease condi t1 on.
V\02012/ 021922PCTI AU2011/ 001040 28 In yet anot her aspect there

is provided a particutat guSdHastraai®y agei mqum@brtg@r@uargeﬁm\; gosuep for

treating a disease, disorder or condifion in mgga
J targetlng a target in a patient. For example the surface treating agent may

comprise a trialkoxysilyl-PEG comprising the targeting group at the distal end
20 of the PEG from the trialkoxysilane group.

The invention also provides for particles made by a process as
described in any of the preceding paragraphs.

25 As noted above, the biomolecules may be indicated for prophylactic or
therapeutic treatment of a disease, disorder or condition.

Accordingly, in an aspect of the invention there is provided a
pharmaceutical composition comprising a particulate substance as disclosed
30 herein together with a pharmaceutically acceptable carrier, diluent or

excipient.



SThe disease, disorder or condition nay be a genetic disease,

glzorder o; congition (eag. CéStiC fibrosis or Huntington's disease),
egenerative di sease i sorder or condition (e.g. aged

macul ar d&HEFREn), a cancer (e.g. solid tugnrg, Sgyggéﬁgnumguw

| ynphomas, nyel omas, carcinonmas, nel anonas including cancers of the

breast, cervix, lung and prostate, 10 although without limtation

thereto) a disease, disorder or conditio@7of the i mune system -

i nclusive of autoimune diseases (e.g. Type 1 diabetes, nultiple

scl erosi s, rheunat oi dhaphlrmadesticalysteaptablé cader, élmﬁnh@reac@@ubﬁahb@a

AT O o B o R BT B 49880 Ay e
: 2]1: Ieﬁte In 02 by a sjeﬁ?lpagémgggastemﬂlhcammstrmm@e(pengmg lip pathietpastiaD) arroute
z respirator t f

(e. g pneunoni ap %/'Pﬁgt'n%%ﬁ: %&Pg’: : ucsa%rl n%%i% Id(?'cg,‘gﬂ% aﬂ%g}%%g%és&jm
tetanus), pgot Ozﬂ%s(a%ﬁnerma?f lb@)sel@ﬁte& ffdmmgtgiouﬁmlrgtlmmsum)s, starches,

di sease, disorder condition of the cir y

at her oscl er osi s, c&ll B'@F%ﬁﬁ@ it§ deﬁﬁ\é{?ﬁ-ﬂ'ﬁ"f’%gﬁgﬁ at@{‘?l Yﬁﬁg‘ Sd'ilfé%ag%gemble
di sorder or 20 gendiAthefi st p@y@gdg@m@@cﬁyﬁimgp}(aieg)mpm lsblutions,

di abet es, ost
di sorder or cgﬁggr{u?lg;ﬂg(s@?%?grﬁgtﬂk{e@%d ?Eﬁﬁ%g sl%orlnl%%ﬁjl%écgﬁag%&gg'gge

or epilepsy), h t h
2 human or. non htyb%’@%r}ﬁ'eg Ql‘étrm{.ié&"ah@ s}uﬁé\tek 6fg@h@ aditie sugtreB | acetatede

1 f
(e.g. racelérs esl)foplgaﬂn’gggar@ ‘bgl%ﬁg%vﬁ‘j‘do%ﬂge” gg% &;)aggfﬁd‘c‘ I qsgﬂ,g F%#g[(ence

(e.g. cattle,
thereto. Prefera ?%%ﬁbmﬁgﬁsﬁﬂad@ug%byaﬁhﬁé}rgﬂgrbggélg@FWDE%dgbR{ﬂB?f%gl@m;;ﬁE

DRAW NGS 30 WopReRingtoroe Pharmangziaal/ dearres (ackeP dishiag; &e-
the follow ng di Wﬁ?‘}hfyﬁ ,§ﬂf&ﬁr&gg hRReid B Rdte@Pcél M ting on the

invention in any Wwa raw ngs: Figure 1 is a flow chart of
t he preparation of the particles of the present invention; 5Figure 2

shows TEMs @f parti clgs 6098@ldthBdds 1Rk, d]?;%?sigb{s,tﬁgpensions, injections,
solutions, syrups, troches, capsules, suppositories, aerosols, transdermal
patches and the like. These dosage forms may also include injecting or
implanting controlled releasing devices designed specifically for this purpose
or other forms of implants modified to act additionally in this fashion.

20
Any safe route of administration may be employed for administering
the particulate substance of the invention. For example, oral, rectal,
parenteral, sublingual, buccal, intravenous, intra~-articular, intra-muscular,
intra-dermal, subcutaneous, inhalational, intraocular, intraperitoneal,
25 intracerebroventricular, transdermal and the like may be employed.

In another aspect there is provided a method of treating a disease,
disorder or condition in a mammal including the step of administering the
particulate substance as disclosed herein, or the a pharmaceuticat

30 composition, to said mammal to thereby treat said disease, disorder or

condition.



process of the invention; Figure 3 shows particle size distributions
of the particles; Figure 4 shows further TEMs of the particles of the

invention; Figure 5 shows a graph illustrating the effect of particle
charge anWOLBPE@Mdti on on the rel ease of fluorescent BSTARHY@MPhe
particles; Figure 6 shows a graph illustrating rel ease kinetics for

different payloads in the particles; Figure 7 shows an HPLC
chromat ogram of unencapsul ated si RNA (regstrace) and siRNA rel eased
fromparticles prepared according to this 15invention; Figure 8 shows

phot ogr aphs of SUSpe_rI‘r$I‘y@t”§ndiﬁeﬁé‘5%e@ﬁihbi‘éﬂs®§ro@iﬁe@ laepdriioudate isabstaRceg as e
9 shows mcrographs illustrating penetration of particles in fon |
the cells for patisslesedshaiaii iy UregaiepEng RedIpgase: aﬁar{%&' FPU@ lon in a
charges; 20Fi gur,ﬁa,:[.ﬁmihom m crographs illustrating retention of the
cargo in particles having negative, neutral and positive charges;
Figures 11 and 12 shows micrographs illustrating that the cargo

enters 5 The disease, disorder or candition may be a genetic disease, disorder
or condition (e.g. cystic fibrosis or Huntington's disease}, a degenerative
disease, disorder or condition {e.g. aged related macular degeneration), a
cancer (e.g. solid tumors, sarcomas, lymphomas, myelomas, carcinomas,
melanomas including cancers of the breast, cervix, lung and prostate,

10 although without limitation thereto) a disease, disorder or condition of the
immune system, inclusive of autoimmune diseases (e.g. Type 1 diabetes,
multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus) and
inflammatory conditions (e.g. asthma, inflammatory bowel disease,
glomerulonephritis), a disease, condition or disorder caused by infectionby a

15 pathogen such as a virus (e.g. hepatitis C, influenza, respiratory syncytial
virus infection, AIDS), a bacterium (e.g pneumonia, bacterial meningitis,
whooping cough, tuberculosis, tetanus), protozoa (e.g. malaria) or a fungus

(e.g Candida), a disease, disorder or condition of the circulatory system (e.g
atherosclerosis, restenosis, hypercholesterolaemia), a disease, disorder or

20 condition of the endocrine system (e.g type | diabetes, osteoporosis,
pancreatitis) or a neurological disease, disorder or condition {e.g. Alzheimer's
disease, Parkinson’s disease or epilepsy), although without limitation thereto.

The mammal may be a human or non-human mammal inclusive of

25 performance animals (e.g. racehorses), domestic pets (e.g. dogs, cats) and

livestock (e.g. cattle, horses, sheep, pigs), although without limitation thereto.
Preferably, the mammal is a human.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Embodiments of the present invention will now be described, by way
of an example only, with reference to the accompanying drawings. It should



cells with the particles - Figure 11 shows the particles and Figure
12 shows the cargo; 25Figure 13 shows the dispersal of siDNA in HEP&
cells as a function of tine; Figure 14 shows the dispersal of siDNA
in HelLa c¥Omy@ig2function of time; Figure 15 shows tHEVAVHBEHIHO of
si DNA in RAW264 cells as a function 300f tinme; Figure 16 shows the

di spersal of siDNA in cells as a function of tine; Figure 17°
shows the effect of the particles of the2gresent invention on

activity of DPP4 in BJ fibroblasts; WO 2012/021922PCT/ AU2011/ 001040
30 Figure 18 shows det ai

encapsul ati on ofteARRIRFRES é‘lﬁtiﬂlbeg‘g’!'g‘k’i?‘\é\%%%&%%‘(aﬁ %ﬁoi%s g%tﬁ%ggeqﬁ%mmﬁﬂgéf r
ﬁ;nf)tlgcglr :Paggit id?ﬂth@ﬁn\lehﬁorﬁ)&{édyoh@ﬁ lnfthd Bawiigssent invention, on the
accor dance wi t hg%g ?%‘(85%32/‘59% "1|’:I gé’ts% &’ﬁsrﬁgfﬁ?ﬁaggrlgﬂﬁé Bgﬁélemqhén
present invention;
5 Figure 2 shows TEMs of particles containing siRNA, made by the
process of the invention;

Figure 3 shows particle size distributions of the particles;

Figure 4 shows further TEMs of the particles of the invention;

Figure 5 shows a graph illustrating the effect of particle charge and

10 PEGylation on the release of fluorescent siDNA from the particles;

Figure 6 shows a graph illustrating release kinetics fdr different
payloads in the particles;

Figure 7 shows an HPLC chromatogram of unencapsulated siRNA
(red trace) and siRNA released from particles prepared according to this

16 inven.tion;

Figure 8 shows photographs of suspensions of the particles of the
invention;

Figure 9 shows micrographs illustrating penetration of particles into
the cells for particles having negative, neutral and positive charges;

20 Figure 10 shows micrographs illustrating retention of the cargo in
particles having negative, neutral and positive charges;

Figures 11 and 12 shows micrographs illustrating that the cargo enters
cells with the particles — Figure 11 shows the particles and Figure 12 shows
the cargo;

25 Figure 13 shows the dispersal of siDNA in HEPG2 cells as a function
of time;

Figure 14 shows the dispersal of siDNA in Hela cells as a function of
time; |

Figure 15 shows the dispersal of siDNA in RAWZ284 cells as a function

30 of time;

Figure 16 shows the dispersal of sSiDNA in cells as a function of time;

Figure 17 shows the effect of the particies of the present invention on
activity of DPP4 in BJ fibroblasts;



Fi gure 21 shows phase and fluorescence i mages of particles |abelled
with fluoro-DNA;, and Figure 22 shows the penetration of nano
particles in HeLa Cells. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Encapsul amw@mizmmivzzontrol | ed rel ease of si RNA from nodPET/at2031/¢01¢4
particles is described. The particles consist of anorphous silica
(SI?2) with a 15 proportion of am nosilanes incorporated to aid cargo
retention and cell penetration. The partiagl es are surface nodified
for bioconpatibility (circulating half-life -4h). The particles can
penetrate manmal i an cell nenbranes and rel ease their car o into t
endosonal and i nt r acdliguse at8 ﬁawésdet@@d flowchart of 8 F’I“PtP[Y Br @Fg?dt

synthesis of the, &%%%ulg{ cﬁsmm idided:ne encapsul ation of siRNA (a

represent ative bro rep resents the carg

resul ting particles) Flgfh'@ég\ﬁhﬁws ﬁé*Pé’PBfHE@ the pﬁ@fﬁ*@ﬂ%%&%@ﬁ%ﬁf‘ee

continuous phase, tﬁﬁ\%tz@r}/ dhqn@lnahétgcéie nL heavy paraffin OII and

4.5 25 SPAN- 20 nt) d b t
nm nut es§J A% nosi | ané:'Q‘-DﬁT% %\%%%A\#Eﬁbe é@t "Iﬁ\gg@sf V\tlg ! rﬂhagﬁ aﬂe in

suffi ci ent qua”tééc)brcfa‘?l"cetv\f"tﬁ tRepidcass mharaed mdegur@ewt' ve partl cles,

no addition, for neutral particles, DAT
sili coln)I and for poglﬁ'QNm%BéF‘%"l"%P'&se a\ﬂﬂl}ﬁg %fgnwmgfﬁ%r%ﬁﬁ)abe"ed

silicon). The regih hidtg-DNAtdHde was then stirred 30for at |east
additional 10 m nutes_ but no nor

WR012/ 021922PCT/ AU2GFHQYT 9@?@&6‘”32“%?%%?8%??%3%‘{ PPERY N PRY ¢ he

pH to 4.0. {phe silica solution was then decanted fromthe resin into

a fresh containe r(?%g descri bed above)
was set up for éEEKH%E{]éEgﬁB%@??@&EW ingﬁgand soni cation (3/8"
probe), and the stirrer activated. The sonicator was ranped to 70%
power (-700W in pre ratl

hydrophilic phases. q?ﬁpﬁ%l%%]o%rfgg&ﬁ%?qég%i%% @%ﬁ&amﬁ on d sulica

m xed with 1.25 particles is described. The particles consist of amorphous silica (Si 2)W|tha
15 proportion of aminosilanes incorporated to aid cargo retention and cell

penetration. The particles are surface modified for biocompatibility

(circulating half-life ~4h). The particles can penetrate mammalian cell

membranes and release their cargo into the endosomal and intracellular

spaces.
20
Fig. 1 illustrates the synthesis of the particles, including the

encapsulation of siRNA (a representative biomolectile, which represents the
cargo of the resulting particles). Thus with reference to Fig. 1, a hydrophabic
continuous phase was made by combining 30 mL heavy paraffin oil and 4.5

25 g SPAN-20 (=500 mM). These were combined by stirring (30 minutes).
Aminosilane (DATMS or TATMS, not APTES) was then added in sufficient
quantity for the desired charge: for negative particles, no addition, for neutral
particles, DATMS (1.5 uL = 1 mol% as silicon) and for positive particles,
DATMS (15 uL = 10 mol% by silicon). The resulting mixture was then stirred

30 for at least additional 10 minutes but no more than 60 minutes.

A silica solution was then prepared by combining 4 mL waterglass and
20 mL water. Sufficient cation exchange resin was added to the resulting



10 nL of the silica solution prepared as described above. After 10
seconds sonication, the silical/cargo m xture was added into the

soni cat or yastdiy6188ne. Sonication was continued for 30psE&ENIHAN

t he soni cator was then deactivated. The emnul sion was renoved and
introduced to a magnetic stirrer and was stirred for 1 hour. After
this, PEG000-silane (10 ng) was added t§’115t he m xture and the _
resulting particle suspension was stirred overnight. Particles
were collected fromthe emul sion by centrifugation (15 000xg for 10
m nutes). The e”Mx%kr@WvMﬁ&lrhﬂig?fb drshynr@pw toh4.0. Fhe ellicamoluyioh wesxihee
to reduce its viscosit washe tV\# &ﬂjﬂﬂ{d ohexane (about 40
nL) and 20 twi ceeGat ERAAYP § Each wash step

i nvol ved resuspendi ng and col l ecting the partlcles and decanting the

i hanol for st or age. dihe BEoRAPblSErash (MpHY 2 cEsaia AbusLep Bt oo

several nontshs agimifanddusanagratibstiningiartl soaiatiod (38'oproge)s ahd 4 stirfery,

however |ower te erat e 25storage wi ||

St or age. Vaay L SNt SrvP pese BLAYH EPu8! F10h PGR prebSfafon
particle size frf@m:d:ﬁﬁmik@ﬁﬁe hiplrophadbic andrh%onbulnghb@ﬂasrrean di anmet er
(do5) of about 300 nm These are shown in Figs. 2 and 4. Figure 3
shows particle size distributions 30 of the particles. The shoul der
at about 1 m cr on pr dbalcargee(268 sk rROmaimin sidNAzehGian) wes amdeyith &4
part | cl es. F1° 356 AELNEY oBRfof Sibalizeds istiieasinlbeAndets chiids

bel ow, howe er cations o have produ di spersed
particles wth dforieatiso, thmslllca/@"goMO@MWA!DQGTWOUE@&GCWQ zZone.

Parficles wer e Paghaheth Wal lofliidfef RRLarRAEARR B VR XoRiBaloh auadihent

and/ or type of am nosi

(am noet hyl ani no@?&ﬂhwt@ffﬂﬁﬁW?‘@ﬂ Wéﬁéﬂm@’% anddgErdused e rpagnetic stirrer

nol ecul e) 5 was, etdITSr PhadanstthidRIES5000-silane (10 mg)was added to
(am nopropyltrlrre x SI ane: 1 nitrogen atom per nol ecul 3 was, .much
| ess ef f ectlifve ath@ N¥ and the resulting particle suspension was st:rred vernight.

(am noet hyl am noet hyl am nopr opyl tri nmet hoxysi | ane: three nitrogen
atons per nolecule) showed simlar results to DATMS. 10 not

above, the aninosil arféartigles ‘dﬁ@é‘&"?%eﬁsﬁ@“m‘ﬂﬁ'%gs ﬂﬁﬁﬁat!?ﬁcﬁ?ﬂ%%g
transferred to t{e1byin@es The rﬁb@mvhééthafrdﬂunpéumnotsrvamfeeayc|oaamrteo
partitioni ng between the Eﬂhasez t he rrag‘ﬁ osi | ap?g’ mL)and

i ncor por at ed was qr@@%"ec' q"ﬁ'@’%iﬁ@fﬁ?ﬁ' '88“““1‘9’?/1% expRe Rp o HId M 3G
ad?ﬁl) ti otn ofzg hfhﬁﬁmﬁmt anev ethdmol gbdowpho! int.).pEask Waste.step involved
conbi nati on wi e wat er

as this caused pfeéHﬁEW%gnﬁP?ﬁZﬁ‘?}”%e par&lsﬂg é‘ﬁé %gg'g@gta!hea& n%téﬁh
was measured at thﬁaﬁic!eswbﬁeﬂmélw@%ﬁls@@ncﬁéd mtﬁrrphofﬂm%reﬁmnéfosaﬂcfm c

acid buffer). Zela ngbentiod] 3oL ALl s AR Her kB B Sahrl AbhiSst °C

without substantial loss of biological activity, however lower temperature

25 storage will provide even longer term storage.

The above method provides particles ranging in particle size from

100-1000 nm, with a mass-weighted mean diameter (dp s) of about 300 nm.

These are shown in Figs. 2 and 4. Figure 3 shows particle size distributions

30 of the particles. The shoulder at about 1 micron probably represents a minor

amount of aggregated particles. The above method has been used in the

studies described below, however modifications of the method have
produced dispersed particles with dos<150 nm.



Neutral (1% DATMS): -5 nmy < < 5 nV Positive (10 % DATMS): 4 +10 nV
Despite the use of an indirect measurement nethod, the nmeasured
charge was quite repeatabl e between batches. 25 The percent age
encapsul aW@W1E#%%i ency (EE) was deternined by conparPEHAUBAIAHE0
theoretical |oading of the siRNA (determ ned fromthe anmpunt added)
with the actual |oading as neasured by the anpbunt rel eased. Results
are shown bel ow. 30Theoretical loading: 3% EE (from 1l ng/nL rel ease)
Batch 1: 85% +/- 5% EE (fromO0.1 ng/nL rel ease)

W02012/ 021922PCT/ ML2011/ 001040 33 Batch 1: 80% +/- 2% Batch 2: 85%
+/ - 10% Actual |oading 4.2% Theoretical |oading: 10% 5EE 75%

| oading 7. 5% Particles were prepared with different charges by varying the amount
andfor - type of aminosilane added. DATMS
(aminoethylaminopropyltrimethoxysilane: 2 nitrogen atoms per molecule)
5 was used as the standard. APTES (aminopropyitrimethoxysilane: 1 nitrogen
atom per molecule) was much less effective and TATMS
(aminoethylaminoethylaminopropyltrimethoxysilane: three nitrogen atoms per

molecule) showed similar results to DATMS.

10 As noted above, the aminosilane was added to the hydrophobic phase
and then transferred to the hydrophilic phase by hydrophilic transfer. Due to
parﬁtioningj between the phases the amount of aminosilane incorporated was
less than the amount added. It was found that direct addition of the
aminosilane to the hydrophilic phase (i.e. combination with the waterglass)

15 was not practicable at acidic pH as this caused premature gelation.

The charge of the particles was measured at pH 7.0 in 10 mM MOPS
(3-N- morpholinopropane sulfonic acid buffer). Zeta potentials for the
particles were as follows:
20 Native (no aminosilane): { £ -30 mV
Neuiral (1% DATMS): -5 mv < { <5 mV
Positive (10 % DATMS): {2 +10 mV
Despite the use of an indirect measurement method, the measured
charge was quite repeatable between batches.
25
The percentage encapsulation efficiency (EE) was determined by
comparison of the theoretical loading of the siRNA (determined from the
amount added) with the actual loading as measured by the amount released.
Results are shown below:
30 Theoretical loading: 5%
EE (from 1 mg/mL release)
Batch 1: 85% +/- 5%
EE (from 0.1 mg/mL release)




Thus the higher the quantity of RNA introduced the | ower the
encapsul ation efficiency. Fig. 5 shows the effect of the release of a
fluorescent |abelled siDNA 10 fromsilica particles of different
char ge anWGuwit@ad®2nodi ficati on. As di scussed above-, PaFAVHIBIEHAr ge
may be mani pul ated by changing the anmount of ami nosil ane used.
Rel ease from positively charged particles was very nuch slower than
fromnegatively charged particles, as prédicted by the expected
attraction between positively charged particles and negatively 15
charged payl oad. For the negati vgl% éhg@ eﬂ rticles, the presence
of PEG on the surface of the parf? hds ‘%p atfS to accelerate the
rel ease of the payl oad. Rel ease Bhtchizegpwyt/otlef rom the particles is
t hought to be primarily by 2 [ ssolution of the particle matrix. At
hi gh concentrations in aque&f&%&ﬁ@g ,ogabout | my/ mL particles),
| eachi ng of cargo fromThergtat bating: 1081 imted to that nedi ated by
particle dissolution, i.e. | ut i.0 reach saturation in the
particle maer i X, thereby | |H§T%}é lPﬂ mggﬁ%}]&se of the payload. This is
shown in Fig. 6, in Winiuehtheehighérvthiey quanityd of SRiAsietrofudsd: thealomey dhe
(dot point values) and ,.25 fﬁ?rﬁnbl ed (square point values) siRNA
mol ecul es occur SUPPEYAE FHFE Y ct at ed by the solubility of the
silica matrix. It should be noted that this is not evident in Fig. 5
as the concentrationg.of i \Bth i tJieAs
substantially bel ow t%rlr% 55%\%%iﬂlg% ?@eﬁ I m gr%l;aﬁ’%efﬁacfé %%%rﬂglg?ﬂ;e?jlw
100pg/ nL), 16r i nfreht sititd padicles ohidifferentechasge aand sudage magdification.” As
continuously = SOuCalLesnEfvel tiicl haRlelia9 b dpfikdted 8 areiing teer
articles m

about 12-24 hours. es e as described above were str?.re for
36 days at 253K amo@gwf eminasiiane usedeRelepss e Posiiiely sharped partiges was

Ay ' ah' (ely Bhathb@paditiet e preticted byge
liquid on HPLC %ﬁ&gbﬁs%&ﬁgﬁ%@ﬁaﬁﬁﬁh v hb@Paditiet, e pr it

fo WO _
2012/ 021922PCT/ ATEdoatiaatoretesh RﬂS*tUﬁBn@‘ég%%ﬂ RPRigles; Fdanpgptyely

buffer sol utsi on, d b FRdYIGHY. EBAhe ABGARNENIchhiged partitlgsetheaseseticd oNREG
signifi can'tjl}sy af?Hedggécfﬁiwi?ij. Ie:i %e?e shgvé\)s pgn HPLC chrqmat ogr @m

of un-encapsul at @ thg Rfacesohing ”a PEPRALS 40 ACFRIRI R MG LF1ede

prepared accordi pgdgy this invention. Both particles and reference
(unencapsul ated siI'RNA) were treated with RNase A for 15 m nutes then
washed three tines with PBS before suspension in PBS containing an
RNase inhibitor. The rabgyd dfithe pdytsmidrbri therpastidiéstia tpmgbi tobeprigtaoiydy

B A g N T
the particl es toapsategimt bartielkspsmchiayefcdgo froimdbepartidgaistited to that
sUspended at 3 mrRRCLbLgE AR Bdl ke aplifif bah RacRRelightn e
murine serumin PRficlermarik)theraby émiting ehenrejrsei af dsbpaylesd. 1Hisvs Shawrin
"R1500 ppm BoA. BRACt AT HEDap R PR RHGRe Hot point yal e HdC)
then det er msed boravibiede (ssiuarr poivt galsesit SIRNA §)0lequisse BFGURY UROMOL A it
or concentrati ongiedi af oMbty &t Sifcath@ik! 1Bshould be noted that this is not
evident in Fig. 5 as the concentrations of particles was different. At
concentrations substantially below the solubility limit of silica (approximately
100pg/mL), or in situations in which the release liquid is continuously
30 refreshed, full dissolution of particles occurs over about 12-24 hours.
Particles made as described above were stored for 36 days at 253K in 96%
ethanol. After storage, the particles were completely dissolved in RNase-free

water. Elution of the resulting liquid on HPLC showed a very similar profile to




20 In conclusion, cargo | oadings of 4% are routinely

achi evabl e, and | oadi ng of about 8% has been denonstr at ed.

Encapsul ation efficiency of >80%is routinely achievable. Retention
of the bi $bIa¥AL2in the particles appears to be nedi BEEHUIYHAHD| y
by electrostatic forces, yielding dissolution- 25 limted rel ease
characteristics at physiological pH (i.e. the release take place
predom nantly by dissolution of the matri34). Cargo retention
characteristics have been shown to be unchanged after 40 days storage

at -20C in 96% Et OH. _30Upt ake i nt.o ian T
5012/ 021992pcT] ADZh 190 HORT A Ward SWHFE%E %nfbﬁﬁ%'lnc%gluo N dpdicating that
charge on cell pengpsabiienamnieaegid netsigrificantly affett theesiRNde cour se
of uptake into cells and endosomal escape were investi gated.
5Particles covalently labelled with RI TC (rhodam ne i sothi ocyanat e)

and carrying a DNA wiRigural7 shoRant PEC sbopmategraamef UratidapadalgdiSsRNATC

fl i sot hi - . . . H
EPGD) ver o dul ¢ PSRN BBt RNl BRARe addBldiy M RIentdrtbaty
above (about 30 paficks aedeferahemuntocaBolataDNRNANweE tantrdivith REase §
0 eet e 0 SEHE iy Béndeed Bo 6l psSotas e e nae

with PBS (phosph €re I'ne) I ) enove particles
whi ch had not pecettainingdari RNese éhihitoarithe meteriahigieased\frosp sHice faBklesnt

T Or0S00DY. i 0. AR RAGL IS G ShioH A LhBhédpduies BRRA dcsled i 1

each pair of 1571 mnages, _ Image 1S a phase contrast |rrae%gd
t he bot t omi0magecoraplatef dastuctare Tbese AyprIimanty demonsifate feearasdy ofiihen

i ncreasing posi t{)%lﬁcl%gffog%f#ﬁ‘?tt% RAEIAAASI BibRokBhIE bfanftakhrphdte

are taken up by ' us a positive charge on the particles
assi sts not onl ydeégragatiedi ng t he payl oad but al so assists with
particle uptake into cells. Fig. 10 illustrates that the cargo is

nore 20 effectively retained in positive charged particl es,. 3s ey
are taken up by cel | Sigofpdong ﬁfb"t?ﬂ!EP'?SaF’lr }g}e ﬂ@ﬁ'g'fa? SpER 8%3 mb/L

particles. fBhis bLigH&iREPPESIRNG RfifRB0UmbKne berugein ABS ¢ight). pder
of inmages, the top Image i s a phase. i:ontras_t 1 rra(gﬁ ggd thlgI g%%(rgrgl

image is an si DNAVETIGHF BSHRAHOR NGUgkIe 9egrpgatiopOGERE. FRIUCITS IR 6

particles into tuesminfit@nent 3Cced ngikgninst&00. gpm BSA ped thieol iscubated for 2
distribution), and Fig. 12 shows m croqgraphs  of : - byt
with the |abell eaoway?aala%mwvﬁameéag%ﬁrr@.nev Ry "@%ﬁ%@ﬁgf @‘?%?ﬁg‘% ’.
In each pair of idRERsy hatilhet br a@ncthiestionimediated shifhie stzeprofitage is a
phase contrast inmage. In Fig. 11 in each pair the bottominmge is an

RITC 30 fl4orescence (red channel) inmage, and in Fig. 12 in each
pai r the bottom i mageini sonaluslonp cegodoadingsrat)é%osresiopiiely geliewable, and

Chat the i kA T EAPR0h et A% fia® B HEMEEStq [EapS BRI ofuRREy o
penetrate into theo%es rsutinbyl dabixablenRefentipre offthedrviomolecule in the particles
appears to be mediated primarily by electrostatic forces, yielding dissolution-

25 limited release characteristics at physiological pH (i.e. the release take place

predominantly by dissolution of the matrix). Cargo retention characteristics

have been shown to be unchanged after 40 days storage at -20°C in 96%
EtOH.

30 Uptake into Mammalian Cells




WO 2012/ 021922PCT/ AU2011/ 001040 36 and red dots inside the cell neans
that the silica has penetrated inside (red channel dots=silica
particles) while retaining its fluorescent DNA cargo (green channel
dot s =DNAWO mnye2182nonstrati ng that the DNA has been sBEHAEALP(1g40
transfected inside the cells. Figures 13 to 15 show the time 5
course of introduction of |labelled siDNA into various cell lines
(Fig. 13: HEP&; Fig. 14: HelLa;, Fig. 15: §W264) by way of the
particles of the invention. Each figure shows the fluorescence
distribution at each tine posttreatnent in the cells. In each case,

it can be seen that alhsHefiuesee tofnparielei Qwsge e selbRANEtEAt0sC apRG Fardo

primerily in smilioneol GRS thd BREIENE d1dotdke intbGelioaAl hasdcpal dsbdicn

particles located I'n e cel nger tine periods the si DNA
spreads into | ar gere invgstigaed. representl ng the rel ease fromthe
particles by dissolution of the particle matrix and distribution

through the cells. 15Figure 16 shows a sim erinment, usin
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25 structures repefsamnd theddheged BNépiflddrescen midrossapyt here are a | arge
nunber of small bright regions, representing the payload |ocalized

within the particles. A small anmount of diffuse lighting represents a
smal | ampunt of rel eaBigd9 shyws fk reshitscof Mdhitedog thet Rid Clabelt inwsgh pais of

par ti ol es: Vot odnooan i whffiafs 84 ey andpd dhPheorbifinae s
representing the flueieeam ipage oEg. Windicatestthat M@IIFCFe@ﬂ@Pmﬁb‘@&W\e on
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results of an experl nmen ow t fectiveness of the resent
| oaded particles chnrgenmkfm)mrtlei%eassustﬁnn@fi ety in gindienide e@&ﬁ Piggiso
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menbrane. This sygh@RthAagé Eﬁd meswtwamtnmsfahamm flusrebeatios imadedoes

not provide protection for the si RNA
25 Fig. 11 shows the uptake of particles into two different cell lines (i.e.
the particle distribution), and Fig. 12 shows micrographs of the same
samples but with the labelled payload highlighted (i.e. the cargo distribution).
In each pair of images in both of these figures, the top image is a phase
contrast image. In Fig. 11 in each pair the bottom image is an RITC
30 fluorescence (red channel) image, and in Fig. 12 in each pair the bottom
image is a fluorescence image of siDNA (green channel). By comparison of
these two figures it can be determined that the siRNA is retained in the
particles as the particles penetrate into the cells. Collocation of the green



10 fromenzymatic attack. The neasurenent |abel ed si RNA/ nano
represents si RNA encapsulated in particles according to the present

i nventi onyd f18850,case in which si RNA was pr t, it
wa By present, i
about 200nM Tﬁe results show that the encapsul ated si PRelf\ﬁﬁlvjvgyzﬁan%

effective at knockdown at this concentration, and was in fact
slightly nore effective than siRNA with l:gé.i pofectamne. In Vitro
concl usi ons Encapsul ati on of bionolecules into particles according
to the present invention can protect the bionol ecules fromenzymatic
20degradati on.  and red 8616 ihsafethé edll imeaseihasthersiliea has penétrated tnside (red

conditions, the particles |paded w t I.onpl ecul
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| east 12 hours waeriadd theesiDNAt mdecatéd prieariynn gmallhegioms! @pirseatiog the

particle collection,. .5 - . i f. - i P
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and rel ease criti CIE ors in determning encapsul ation,
cells.

15 Figure 16 shows a similar experiment using confocal microscopy. In
Fig. 18, the top image of each pair shows the nucleus stain (blue channel)
and the bottom image shows the siDNA fluorescence (green channel). Thus
Hela cells were plated onto poly-lysine-coated coverslips at 25%
confluence. These were treated for 24 or 48h with RITC-modified particles

20 carrying FAM-DNA. They were then washed with PBS and fixed with 3.7%
formaldehyde in PBS. They were then stained with 1.2 pg/mL Hoescht
33342 in isotonic saline, mounted on slides with Gelmount and acrylic and
imaged with confocal microscope at 100x magnification. The images are 150
x 150 pm, z-axis slice depth 350 nm. The well defined approximately round

25 structures represent nuclear DNA. After 24 hours there are a large number of
small bright regions, representing the payload localized within the particles. A
small amount of diffuse lighting represents a small amount of released
payload. After 48 hours the point sources have largely disappeared,
representing the dissclution of the particles. Instead, each cell has a diffuse

30 halo of light region representing the released payload within the cell.

Gene Knockdown Studies




10retention and rel ease characteristics. Parameters The surfactant
used in this exanple was Sorbitan nonolaurate 15 (Span(r) 20). The
surfactant concentration used was about 17% by nmass. The hydrophobic
phase wasW{E2N3/021923ui d paraffin, this giving the snal | Bs¥APpRUHEs
of those tested. Particle size was reduced to a value acceptable for
i ntravenous injection by a conbination of magnetic stirring and

soni cation. 20The preferred am nosilane uwed to enhance cargo
retenti on was DATMS (am noet hyl am nopropyl trinethoxysil ane).

Experinments with APTES (am nopropyl ieth |
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case in which siRNA was present, it was used at about 200nM. The resuits
show that the encapsulated siRNA was effective at knockdown at this

concentration, and was in fact slightly more effective than siRNA with

15 Lipofectamine.

In_ Vitro conclusions
. Encapsulation of biomolecules into particles according
to the present invention can protect the biomolecules from enzymatic

20 degradation.
. when applied to cells under normatl culture conditions,

the particles loaded with biomolecules are capable of penetrating the
cytoplasmic membrane and delivering their cargo to the intracellular
space.

25 . delivery of biomolecules via the particles of the invention
to tissue culture cells resuits in dose-dependant reduction of MRNA
levels in those cells.

. doses of siRNA encapsulated in particles sufficient to
result in >50% reduction in mRNA levels show no significant toxicity in

30 vitro.

Additional Results - Synthesis of particles




15g of Dowex 50Wwas stirred with 100 nL 5M HCI for 30 minutes to 10
convert the resin to the active, protonated form The resin was then

recover edway2d@64u® assi sted filtration into a sinterepefh er
funnel, wherein it was washed twice with 100 nL m|li Q wat grﬁﬁ%/gdlbh

remove residual HCI. 159 grans Span(r) 20 was wei ghed into a Teflon
beaker and 60 nL [iquid paraffin added. The resulting m xture was

stirred for about 30 mnutes to conplete dissolution of the Span(r)
20 in the paraffin. 29 pL DATMS liquid and 6 pL 10% Rhodam ne- APTES
in 2-propanone was adpedgéerahenttidtic mesthsd i dedcaibed bylthe iflow. didgram in

4.0 nmL sodi

O 2O T Stk i BB B PRS0 b R o B B Suedl”
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i oni.c_ex
The pH of 't he o IS AeMEH SEMPBn (TR SR et g0 £B3 pRERCAURE
;O|5U'H_02f V\/?ﬁf;l gegfgzed fromthe resin and the pH rechecked.
ur LAGdtd

30tube . An appropri a'? U@% #ié'@gamﬁéﬁ%egq%@%@d nﬂﬁﬁ\ segl tﬁ?-elgn vvaéétfc
transferred to ainterActinst beteeen NG 201400/ 024 922 RCINGEIA0A TPoWeDaN ghthe
The cargo RNA SOLuLERQ WASrBIOShESHahtly Bnd BBeBf dutkiHufoaRA s He pHOE

RNA/silicate m xtUreé wWas pipe actant sol ution and
soni cation was cbethi fotreation ahd selease agficabfacks de cletrIRininarRECIRSYIAtIPANT

enul si on rap}eg%%(t(??\tdr(dr %atsQEpa]écﬂE\‘l es. 15 ng nPEG 5000 sil ane
e enu

powder ma en a sion and the resulting m xture
stirred overnight.

Parameters

The surfactant used in this example was Sorbitan monolaurate

16 (Span® 20). The surfactant concentration used was about 17% by mass.
The hydrophobic phase was heavy liquid paraffin, this giving the smallest
particles of those tested. Particle size was reduced to a value acceptable for
intravenous injection by a combination of magnetic stirring and sonication.

20 The preferred aminosilane used to enhance cargo retention was
DATMS (aminoethylaminopropyl trimethoxysilane). Experiments with APTES
(aminopropy triethoxysilane) and TATMS (aminoethylaminoethylaminopropyl
trimethoxysilane) show they also have this effect to a lesser or greater
extent, and may be of use in fine-tuning retention/release characteristics.

25 Cargo loading is expected to affect particle zeta potential, and aminosilane
modification is expected to affect maximum loading.

The pH of minimum stability for waterglass is approximately 5.5, which

represents the pH of maximum stability for RNA. If the silicate solution is too

30 close to neutral, the precursor will spontaneously gel before it can be used
for particle synthesis. If the solution is too acidic, significant degradation of

the nucleotide cargo will occur. With RNA cargos a precursor pH of 3.75-4.00

has proved to be suitable if somewhat difficult to handie. DNA, LNA, or other



The m xture was then centrifuged for 5 mnutes at >2000 x g to
isolate 10 the particles. The particles were then washed twice with
cycl ohexane to renove paraffin and surfactant, centrifuging after
each washWQHWAZHER washed once nmore with ethanol . ThePpHAYIEV®I04er e
coll ected by centrifugation, supernatant decanted, and the particles
resuspended in 10 nL ethanol. 15 The typical weight of product
obt ai ned was 200 ng. The typical encapsul2@ion efficiency was >80%
The typical zeta of particles at pH 7.4 was +20 nV. The typical

reduction of protein bjindin artic when i
silicate particl 894t gd,p@ggmﬁ%eoglpgw@ypg @ﬁ"}fe%ég@?gn%s?hg%&g&’/%{ Sbie)
Exanpl es - Fi eurgra&]rﬁr sMugisreenul si on synthesis of particles for

bi onol ecul e encapsul ati on 25 0.381 g of NP9 was dissolved in 3
mL of cycl ohexane (0.2 nol/L) by stirring (magnetic) in a glass vial
and 0.065 nL of 1-pentEsmaplesukigegu@nt |y added as a co-surfactant with
continued stirring (0.2 nol/L). The resultant solution constituted

t he hydrophobi c phase. 30 0.013 L of 0 01M HNCB was added to
act as an aci d cat al yEhcapsatasion t of iSiRNA hig : gch with AT
solution stirred !f OE 20 n!ui Eggt_@_p@ormgem se. Th| S resul ted in
formation of a ni . 2/ 021922PCTI AU2011/ 001040 41
0.018 L of tetranmethylorthosilicate (TI\/DS) was added and the
resulting sol ution st l‘lé%g\dde%x ﬁrregwﬂbf%gh‘}tsﬁﬂ-@f&miﬁ@l@s to

provi de a hydrol ysed cursor solu .
NaCOH was added amdnmrt rt?naadetﬂmtOSthm mjwes prasonaipd forphdhpiesis wWredien

than about 4. recovered by vacuum-assisted filtration into a sintered-glass filter funnel,
wherein it was washed twice with 100 mL milliQ water to remove residual

HCI. '
15 9 grams Span® 20 was weighed into a Teflon beaker and 60 mL

liquid paraffin added. The resulting mixture was stirred for about 30 minutes
to complete dissolution of the Span® 20 in the paraffin. 29 L DATMS liquid
and 6 pL 10% Rhodamine-APTES in 2-propanone was added to the stirred
surfactant solution.

20
4.0 mL sodium silicate solution was added to 28 mL milliQ water. 8.0

mL of this solution was set aside for subsequent titration of main volume.

Using a pH probe to continually monitor the solution pH, activated
25 cationic exchange resin was added to reduce the pH of the silicate mixture to
approximately 3.5. The silicate solution was decanted from the resin and the

pH rechecked.

25 mL of. this precursor solution was transferred to a 5 mL plastic
30 tube . An appropriate volume (<0.5 mL) of cargo RNA solution was
transferred to a 1.5 mL tube.



Addi tion of a bionolecule was sinulated by addition of 0.010 nL of 10
water with stirring. As a functionalised ceramc precursor, 0.003 nL
of 3-(2- am noet hyl am no) propyl tri net hoxysi | ane was added and the

m xture sWQeHFIB2 6.5 hours, over which tine the sol RETSHIHEWAMS
progressively nore cloudy. This provided a suspension of
nanoparticles. 155 ng of nPEG silane (MV = 5000) was added and the
solution left stirring for 15 hours. The gpl ution was then
centrifuged (13,000 for 1 minute) to isolate the particles, which
were then washed three tinmes with 2 nL of et hanol \?dﬂ sus ende n 2
nL et hanol . 20The par1hef&go RdriesqluigevasRiretiad. ??fﬁp

size range of 30g 91:65@:nﬁﬁur%rv?d%cp@péﬁ%drfﬁgﬂ\é@rfﬁbﬂﬁf@i&ﬁm #hd sonication
M croemul si on sy nt esi s of ticles bi onol ecul e encapsul ati on

250. 636 g of Np9waﬁ§oatlrw@|%bstlrrﬂﬂ93f0ﬁ256f-‘cwé| ohexane (0.2 nol/L) by
stirring (rmagnetic) in a glass vial. 0.109 nL of 1 pent anol was added
as a co-surfactant with continued stirr

/L
the cycl ohexane/ NP9/ 1T reHant %rapﬁtor’owa%g%o ‘ﬁY 63?"?% ")?ﬁ gigu E%c!)ﬁ&ng

glass vial (X2). nEGWO089ilatebhidPRed theh20ddd BAHHduKDN and the rBsEIRH
m. (0.08 mwl) of tetranethylorthosilicate was added to the

subsanpl es and t R&Xt P@sﬂ\rﬁdr%em tions stirred for 17.5 hours to
hydrol yse the TMOS. 0.011 nL of 0.01M NaOH was added to both sanpl es

dth 5 th f t
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washed once more with ethanol. The particles were collected by
centrifugation, supernatant decanted, and the particles resuspended in 10
mL. ethanol.
15
The typical weight of product obtained was 200 mg. The typical
encapsulation efficiency was >80%. The typical zeta of particles at pH 7.4
was +20 mV. The typical reduction of protein binding to particles when
compared to native silicate particles (a measure of PEGylation density) was
20 >90%.

Examples — Figure 18

A. Microemulsion synthesis of particles for biomolecule encapsulation

25
0.381 g of NP9 was dissolved in 3 mL of cyclohexane (0.2 moi/l) by
stirring (magnetic) in a glass vial and 0.065 mL of 1-pentanol subsequently
added as a co-surfactant with continued stirring (0.2 mol/L). The resultant
solution constituted the hydrophobic phase.
30
0.013 mL of 0.01M HNO; was added to act as an acid catalyst,
constituting the hydrophilic phase, and the solution stirred for 20 minutes to
homogenise. This resulted in formation of a microemuision.



0. 002nL( 0. 009mwol ) of 3- (2- am noet hyl am no) propyl tri met hoxysi | ane was
added as the functionalised ceram c precursor to each sanple and the
m xtures stirred for 6 hours. 150.8 ng of nPEG silane (MN = 5000) was
added to W12, and the sanples were then |eft sPEVAUHEAQRP4018
hours. 1 nL of acetone was added to each sanple and the sol utions
stirred for 10 m nutes. The solutions were then centrifuged (13,000
for 1 mnute) to isolate 20 the particle$t which were then washed
three tines with 2 nL of ethanol. The sanple containing fluoro-DNA
(CS11-0028) was suspended in 2 nL of ethanol. The sanpl e made using

water only (CS11-0029) was dried at 40C and. wei s 7.3 .
25Several drops of th Oﬂ)%@ﬁ-@Fé%trﬂ%BY[P‘é'boﬁﬂAC?W mﬁﬁgwwﬁﬂe&'}ﬂ &
on a microscope §ld i 1% 68 Biotrsfth HOH RBLENBE THIOS astprogide a
equi pped with a %i?gﬁ'??’pg’é'?ﬁg?ﬁ%do X magnﬁsfi ghgtﬁgﬁ and 4 second

exposure. Ref er ehgdolysedatesutser FPIgIANe 21. 30Figure 22 illustrates the
transfection. of cultured human hepat ocytes wth Al exaFl uor-633

| abel l ed silica nanoparticles. Cells were treated for 24 haours before
i magi ng. WD 2012/ 021822901 AL 014 Na@bawas adgrd and stitsd fag minutes to

Particles coval egﬁhjgtﬁg%ﬂeﬁeqqe%; f&laﬁ'aggut({.: uor oscei ne i sot hi ocyanat e)
ythrin payl oad w
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for 6.5 hours, over which time the solution became progressively more

cloudy. This provided a suspension of nanoparticles.

15 5 mg of mPEG-silane (MW = 5000) was added and the solution left
stirring for 15 hours. The solution was then centrifuged (13,000 for 1 minute)
to isolate the particles, which were then washed three times with 2 mL of

ethanol, and suspended in 2 mL ethanol.

20 The particles were imaged by FEG-SEM, which showed a size range
of 30 — 100 nm. Reference is made to Figure 20.

B. Microemulsion synthesis of particies for biomolecule encapsulation

25 0.636 g of NP9 was dissolved in 5 mL of cyclohexane (0.2 mal/L) by
stirring (magnetic) in a glass vial. 0.109 mL of 1-pentancl was added as a co-
surfactant with continued stirring (0.2 molbL). 1.14 mL of the
cyclohexane/NPS/1-pentanol solution was pipetted into a second glass vial
(x2).

30

0.011 mL of 0.01M HNO; was added to the subsamples above and
the solutions stirred for 40 minutes to homogenise, forming a microemulsion.



del i vered Phycoerythrin. Unl ess the context requires otherw se
or specifically stated to the contrary, integers, steps or elenents

of the inwgighomiseci ted herein as 15singul ar integer SpcHkEM%1/6M040
el enents clearly enconpass both singular and plural forms of the

recited integers, steps or elenents. Thr oughout this
specification, unless the context requires otherw se, the word
"conprise", or variations such as "conprises" or "conprising”, wll
20 be understood to inply the inclusion of a stated step or el enent
or integer or group of steps or elenments or integers, but not the

excl usion of any ot hej oﬁis‘?ﬁhn}{b o@'m’s%f@irahféir?y@ﬁfhoemcaéwa@ dfde8teme
eIerrents or |ntegers I'n the context of ‘this_specification, the

term "conpri si ngsuﬁsglmpé,@cﬁﬂﬁihafﬁﬁuﬁﬁgégwﬂ@ssséiﬁ%f%ﬂa QWQHESt@ﬁ&QFPHS%@e
under st ood as ms"l"ﬂfd?l old19! HOicR9. AM N%U@?k5¥ad9?é t@é@lﬂtsdﬁgﬂ&sﬁﬁd ke

solely". be appreci ated that the foregoin escri |on
has been gi Ven bwerﬂatyaeofstiﬂwd tcmfxramuta@ terdivpt the ot ﬁorgéeatﬁw@ﬁﬂlabﬁu
that all such nodifications and variations thereto as would be
apparent to persons of skill in the art are 30deened to fall within
t he broad scope and anHdg mbfof fleroiDiNA aeluten &$T Griabelled RBP4 (Z3rhase paig),

CLAIMS: 1. A part ﬁfa'ﬁ_ ﬁ#«%ﬁér 5§a @m&rﬂtff‘mtofoaﬁ gtag%n é%h& bRDeRL &

ceramic matrix beé: I'ohal group, group bel ng
capabl e of pr onntrvamgv\perwdeatutbiesetommearpalemithlﬁisrir@. nto cells and
bei ng di st rMJut ed honogeneously throughout said particles; and

0.002 mL (0.009 mMol) of 3-(2-
aminoethylamino)propyitrimethoxysilane was added as the functionalised

ceramic precursor to each sample and the mixtures stirred for 8 hours.

15 0.8 mg of MPEG-silane (MW = 5000) was added to each sample, and
the samples were then left stirring for 18 hours. 1 mL of acetone was added
to each sample and the solutions stirred for 10 minutes.

The solutions were then centrifuged (13,000 for 1 minute) to isolate
20 - the particles, which were then washed three times with 2 mL of ethanol. The -
sample containing fluoro-DNA (CS11-0028) was suspended in 2 mL of
ethanol. The sample made using water only (CS11-0029) was dried at 40 °C
and weighed as 7.3 mg.

25 Several drops of the particles labelled with fluoro-DNA were dried en a
microscope slide and imaged using a fluorescence microscope equipped
with a FITC filter at 40 x magnification and 4 second exposure. Reference is

made to Figure 21.

30 Figure 22 illustrates the transfection of cultured human hepatocytes
with AlexaFluor-633 labelled silica nanoparticles. Cells were treated for 24

hours before imaging.



a bi onol ecul e having hydrophilic properties disposed within pores of
the particles, the bionolecule being releasable fromthe particles by
di ssolution of the ceram c matrix. 102.The particul ate substance of
claim1, WM8¥R1#%Re functional group chenically interBeVAUIITHIHAe
bi onol ecul e to substantially prevent |eaching. 3.The particul ate
substance of claim1l1 or 2, wherein the functional group of the
ceram c matrix conprises an am noal kyl am4® group. 154.The
particul at e substance of any one of clains 1 to 3, wherein

pol yet hyl ene gl ycol chains are coupled to the surface of the
particles. 5. The particul ate substance of any one of clainms 1 to 4,
wherein a targeting gruither Examplen| ed to the surface of the particles.
6. The particul ate substance of any one of clainms 1 to 5 wherein
said 20particles have a nean particle size of_ about 20.to

and a pore size of friatielssgevalently lehaliad vt CHfluorpgeeg iﬁ&gom%tg?éaqg)nm
substance ofg any ,00g, i%%é ?E@néphgn an;mwmiba GniPRL¥ERHA A cells will be

conpl exi ng agent "i's "di ores of thé particles with e
bi onol ecul e and pulbvedide 30%rendHergroigge Ratides as29eseibpd Rhove fagput

maki ng particles I.Si ' ' i
sai d process Cons,@ﬁ@rﬁ@g@hg?go%cﬁ{’é‘%gffb‘{hgcﬁﬂhﬁ@ﬁ%%ﬂmﬁmfﬁ%@ﬁ theeuiesds
will be washed once with PBS (phosphate buffered saline) in order to remove

particles which had not penetrated into celis and then imaged by

10 epifluorescent microscopy to thereby monitor intracellular release of the

delivered Phycoerythrin.

Unless the context requires otherwise or specifically stated to the
contrary, integers, steps or elements of the invention recited herein as
15 singular integers, steps or elements clearly encompass both singular and

plural forms of the recited integers, steps or elements.

Throughout this specification, unless the context requires otherwise,

the word “comprise”, or variations such as “comprises” or “comprising”, will

20 be understood to imply the inclusion of a stated step or element or integer or
group of steps or elements or integers, but not the exclusion of any other

step or element or integer or group of steps, elements or integers. Thus, in

the context of this specification, the term "comprising” is used in an inclusive

sense and thus should be understood as meaning “inciuding principally, but

25 not necessarily solely”.

It will be appreciated that the foregoing description has been given by
way of illustrative example of the invention and that all such modifications
and variations thereto as would be apparent to persons of skill in the art are

30 deemed to fall within the broad scope and ambit of the invention as herein
set forth.



a hydr ophobi c phase conprising a hydrophobic liquid, a first ceramc
precursor and a surfactant; and a hydrophilic phase conprising
a hydrophilic liquid, a second ceram c precursor and the bionol ecul e,
5s0 as to forman enul sion conpri sing q%fplets of the hydrophilic
phase di spersed in the hydrophobi c phas€] and b)agitating the

enmul sion as the particles forminside the droplets; wherein the first
ceram c pregpaR@s: conprises a functional group which is capable of
pronoting penetration of the particles into cells. 109. The process of
claim8, wherein the functional group of the first ceram c precursor

i s capabl e bf chimiagtigulste; sybstarce agRUSIng: for exanpl e

el ectrostatically interacting with, the bionol ecule. 10. The process
of claim9, wherein t .S e WogNo! ! ' Mo}
ol Koxysi 1 ane. 1511, THEFisE oot SCpAnich gt 38arh, £TuAtidiR] Elpp e
a. combini ng t hefuhgtiorel lgroue beinguiapainelot prnseingnpensrationcofghe partiaes
b. adjusting the pH tq bel ow the p f the first ceragm rsar.;
and 2003 addi ng e Sismare o SERPYETT briropaSRyaN o HBL RS el
sai d steps bei nghmtiiddched prior to step a). 12. The process of claim
26, wherein the step of adjusting the pH

a biomolecule having hydrophilic properties disposed within
pores of the particles, the biomolecule being releasable from the

particles by dissoliution of the ceramic matrix.

10 2. The particulate substance of claim 1, wherein the functional group
chemically interacts with the biomolecule to substantially prevent

leaching.

3. The particulate substance of claim 1 or 2, wherein the functional group

of the ceramic matrix comprises an aminoalkylamino group.

15 4. The particulate substance of any one of claims 1 to 3, wherein

polyethylene glycol chains are coupled to the surface of the particles.

5. The particulate substance of any one of claims 1 to 4, wherein a

targeting group is coupled to the surface of the particles.

6. The particulate substance of any one of claims 1 to 5, wherein said
20 particles have a mean particle size of about 20 to about 100nm and a

pore size of from about 1 to about 50nm.

7. The particulate substance of any one of claims 1 to 6, wherein a
polymer or complexing agent is disposed in the pores of the particles

with the biomolecule and provides a proton sponge effect.

25 8. A process for making particles comprising a biomolecule disposed in

pores thereof, said process comprising:

a) combining:



conprises exposing a solution of the second ceram c precursor in the
25hydrophilic liquid to a cation exchange resin and then separating
the 46 solution fromthe resin once the pH of the solution has
reached a desired pH bel ow the pKa of t first ceram c precursor

13. The process of claim8, wherein the i onolecule is negatively
charged or is sufficiently large that it is incapable of passing

through pores of the Spajdroghdific phthseTBEMPFERGSE BfdrebRoticBiquid, a first
additionally conprising: c)adding a surface treating agent to the
emul si on fol | owi $Rj2FUe RERGUSSPIFING Meuastentiassl so as to surface treat
the particles. 15. The process of claim 14, wherein the surface

treating agent is a P%gﬁyg%k@%%%é%?ﬁséﬁ%téi@{j@mﬁ li4liiPECsedénd

The process of claim wher ei n urface treating agent
conpri ses a tar gearamic granupsdreamnd theduematecale,arget in a patient. 17.
The process of claim@8, wherein a polynmer or conplexing agent is

added such that it ] i L hi DOr i.Gl: ]
fhe 15 b ool ecul 24t TR AREIBEY SrhdfRe Eorels (i Reffo e ptbc
pol yl ysi ne, or adlippénskdsnittie hgdrophabisythetsanaedt hat provi des a proton
sponge effect. 18. A process for making particles conprising a

202) convi ni ng: B e RPaTBpORl o radBe ity R RGab sRonlets

liquid and a surfactant; and a hydrophilic phase conprising a
hydrophi lic | i quivideridtiee fiat absamhic precursor comprises a functional group which

is capable of promating penetration of the particles into cells.

10 S The process of claim 8, wherein the functional group of the first ceramic
precursor is capable of chemically interacting with, for example
electrostatically interacting with, the biomolecule.

10. The process of claim 9, wherein the first ceramic precursor is an

aminofunctional alkoxysilane.
15 11. The process of claim 8, comprising the steps of:

a. combining the hydrophilic liquid and the second ceramic

precursor;

b. adjusting the pH to below the pK, of the first ceramic precursor;
and

20 c. adding the biomolecule,

so as to form the hydrophilic phase, said steps being conducted prior to
step a).

12. The process of claim 26, wherein the step of adjusting the pH
comprises exposing a solution of the second ceramic precursor in the
25 hydrophilic liquid to a cation exchange resin and then separating the



47 b) adding a ceram c precursor to the enul sion and hydrol ysing
the cerami c precursor; <c¢) adjusting the pH of the hydrophilic phase
to a range suitable for the bionol ecul e; 5d)addi ng the bionol ecul e
and a functionalised cerani c precursor 4@ t he emul si on; and
e)agitating the enmulsion as the particles forminside the droplets,
wherein the functionalised ceram c precursor conprises a functional

% ouioI whi chligs Cefm@ttdrii g@‘m RheNmisim@npen@dikr pHi ontigd Joheiopahbs cleashéditad

cel | s. : :

desired pH below the pK, of the first ceramic precursor.

13. The process of claim 8, wherein the biomolecule is negatively charged
or is sufficiently large that it is incapable of passing through pores of the

5 particles.
14.  The process of claim 8 additionally comprising:

c) adding a surface ftreating agent to the emulsion following

formation of the particles so as to surface treat the particles.

15.  The process of claim 14, wherein the surface treating agent is a PEG-

10 silane, such as a trialkoxysilyl-PEG.

16. The process of claim 14 or 15 , wherein the surface treating agent

comprises a targeting group for targeting a target in a patient.

17.  The process of claim 8, wherein a polymer or complexing agent is
added such that it is disposed within the pores of the particles with the

15 biomolecule and, wherein the polymer is a polyethylinamine, a
polylysine, or a polyhistidine or a substance that provides a proton

sponge effect.

18. A process for making particles comprising a biomolecule disposed in

pores thereof, said process comprising:
20 a) combining:

a hydrophobic phase comprising a hydrophobic liquid and a

surfactant; and

a hydrophilic phase comprising a hydrophilic liquid and a

catalyst,

25 so as to form an emulsion comprising droplets of the hydrophilic phase

dispersed in the hydrophobic phase;



21. 22. 20 23. 25 24. The process of claim 18, wherein the
functional group of the functionalised ceram c precursor is capable
of chemcally interacting with, for exanple electrostatically
interacting with, the bionolecule. The pj ocess of claim 18, wherein
the functionalised ceram c precursor is an am nofunctional

al koxysi | ane. The process of any one of clainms 18 to 20, wherein the

bi onol ecul e i s nggat i y@lifg ehesragfic preduFserulf thel @nlisior and eylRMysing the
i ncapabl e of passing through pores of the particles. The process of
any one of cl ai ngragl¢ Brefursqrpcl udi ng adj usting the pH of the

enul sion to greater than 4, for exanple by addition of a base, such

as NaOH, KOH and,NHAGQH, i Pthet Bnatd?qhé%dﬂmi@e‘méé@ obéqaﬁé,]@%u!;@m@rfer

. : t
the functionalis€d cerdam c precursor. process of any ohe o
clainms 18 to 22,theddomptesald;y conpri sing:
5 d) adding the biomolecule and a functionalised ceramic precursor

to the emulsion; and
e) agitating the emulsion as the particles form inside the droplets,

wherein the functionalised ceramic precursor comprises a functional
group which is capable of promoting penetration of the particles into

10 cells.

19. The process of claim 18, wherein the functional group of the
functionalised ceramic precursor is capable of chemically interacting
with, for example electrostatically interacting with, the biomolecule.

20.  The process of claim 18, wherein the functionalised ceramic precursor

15 is an aminofunctional alkoxysilane.

21.  The process of any one of claims 18 to 20, wherein the biomolecule is
negatively charged or is sufficiently large that it is incapable of passing

through pores of the particles.

22.  The process of any one of claims 18 to 21, including adjusting the pH of
20 the emulsion to greater than 4, for example by addition of a base, such
as NaOH, KOH and NH4OH, prior o the addition of the biomolecule

and the functionalised ceramic precursor.
23.  The process of any one of claims 18 to 22, additionally comprising:

f) adding a surface ftreating agent to the emulsion following
25 formation of the particles so as to surface treat the particles.

24.  The process of claim 23, wherein the surface treating agent is a PEG-

silane, such as a trialkoxysilyl-PEG.



f)adding a surface treating agent to the enulsion follow ng formation
of the particles so as to surface treat the particles. The process of
claim 23, wherein the surface treating agent is a PEGsilane, such as
a trial koxysilyl-PEG 48 25. The proce of claim23 or 24, wherein
the surface treating agent conprises a targeting group for targeting
a target in a patient. 26. The process of any one of clainms 18 to 25,
wherein a ppdymeTh@rpreosdd eXidgimag@enbr iB!, adde@irsdied dutkicel trebing agent
di sposed within the pores of 5 the p rticles with the biomol ecul €
and, wherein theCCiSBPSﬁ%SraF%’gﬁt”ﬂﬂ)Q%{m ta9Riing a targsd iy p\aliget. or a
pol yh| stidine or a substance that provides a proton sponge effect.
27. A phar rpgeutygal,608009F tdr@”oﬁé”ﬁfr LRirmg 1 E’@@S Cihaieth T pshyimseor
of any one of clains 1 to 7, together with a p har maceuti cal |
accept abl e 10car¢qr@piexmg| agant i9adegdigichrhat gds d;sqg@eﬂu\wthlattée pores of
substan%e Of an @af:fclé‘sJ il tﬂ?t&o%olé&fle USi%,| IhbF&A I Rh&eds &
di sorder con nn .

po!yethyllnamme, a polylysine, or a polyhistidine or a substance that

provides a proton sponge effect.

27. A pharmaceutical composition comprising a particulate substance of
any one of claims 1 to 7, together with a pharmaceutically acceptable

10 carrier, diluent or excipient.

28. A particulate substance of any one of claims 1 to 7, for use in treating a

disease, disorder or condition in a mammal.



